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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in, the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 1 8 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



\ // / . ~~ Date:. 





Christopher Grimaldi 
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University of California, Berkeley 
Bachelor of Arts in Molecular Biology, 1984 
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SRA Genentech Inc., South San Francisco; 1/99 to present 

Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 
SSS? CanCC , r ^ ^ fo * Tumor Antigen (TAP), and Secreted Tumor Protein 
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
taotogy Department Directed a lab of 6 scientists focused on fcompany-wMe^ effort 
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SSrofact 
ZutnS TV?"* * e CritiCaUy ^Coordination of tfae clomngo * ' 
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Pf nted Wgh throughput cloning methodologies that havlproven to be 
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen protects as 
well as dozens of other smaller projects. curagen projects as 

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved m multiple project^aimMat understanding novel genes discovered thWh 
den^°r a f CS fimCtional 3SS3yS ' ^eloped and patented a method forfce specific 

Slw?7 u m r° USmg monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in theareas of expression 

TrS P T m PUnS ? ti ° n ' gCneral m0l6Cular biolog y' md monoclonal antibody production. 
Tramed and supervised numerous technical staff. 

Facilities 

Manager Corixa, Redwood City; 5/89 - 7/91. 

Directed plant-related activities, which included expansion planning, maintenance, safety, 
purchasing, mventory control, shipping and receiving, and laboratory management. Designed 

stete and federal level. Was m charge of property leases, leasehold improvements, etc. 

SS£?I 311(1 dtactod 4116 P^ 1135 ^ department. Trained and supervised 

personnel to carry out the above-mentioned duties. 



o 



SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypermutation 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(ll;14), and S 
tons ocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae Was 
re^onsible for generating genomic libraries, screening with degenerate ohgonucleondes, and 
SSM^offiE^*"* Al-cbns^tedagenertaWsee^ 
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by Wnt-l and Reunoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4 ' J^h^^ X"*"" ^ JulietE - Br y ant - Go ^on Vehar, 

Jill Schoenfeld, J. Chnstopher Gnmaldi (incorrectly named as "Grimaldi, CJ») Franklin 

Peale Aparna Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
1887 WO 20oS M ° del ° f Angi ° genesis " American Joumal of Pathology Vol 156(6), 
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wgto! x vS^S"* ? 5 eymour B w ' Cottrez F ' Robinson DS ' Hosken N - Feriin 

WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3) Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 ' ' ° f 

2^™°?"^/°- H ° Ward MC Keamey "Independently ligating CD38 and Fc 
gammaKllB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 1 13-9, 
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2 y o o ^ Muchamuel T « Gri ^di JC, Muller-Steflher H, Randall TD, Lund FE 
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8. Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath J Christonher 

Gnmaldi Itoy D. RandaU, R. M. E. Parkhonse, Christopher C Goodnow^ Maurtn C 

^ugh -urineCDSS is unpaired in'antigen receptor^sp^e B 
cens. European Journalof imnranology, Vol. 25(5), 1338-1345, 1995 

9. M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles, J. C. Grimaldi, F. Lee T 
iS^SH . A A n ™Wf*o*ch to the study of haematopoietic development in the yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

10 J Chrfctopher Grimaldi, Sriram Balasubramanian, J. Fernando Bazan, Armen Shanafelt 

u^ponsiveness of rid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of 
CD38 mduced signal transduction/' International Immunology, Vol 7(2), 163-170, 1995 

12 * H^aS L S?™ 0l r ° D ' L ChriSt °f ^ R ' M - R Paikhouse ™ d Maureen 

1^469^ ms ,mmUn ° regUlat0ry ectoenz y me " Immunology Today, Vol: 

13. Maureen Howard, J Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo 
Santos-Argumedo, R M. E. Parkhonse, Timothy F. Walseth, and Hon Cheung Lee 

CD3^ 

14 ' ^^^^ ld ^^^^ Ray.Chang, LChristopher Grimaldi, Frances 
LunJ Camdynn L^rannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath R ME 
Pa^ouse and Maureen Howard. "Expression Cloning of a cDNA Encodmg a N^vel Murine 
msmstTl^ 1 ' Homology to Human CD38." The Journal of Immunology^ 
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Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma." 
AIDS, Vol. 5, 669-674, 1991 W 

18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a 
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin 
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989 

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
BCL-1 Locus Associated with the t(ll;14) (ql3;q32) Translocation of B-Lymphocytic 
Malignancy." Blood, Vol. 74, 1801-1806, 1989 

21 Timothy C. Meeker, J. Christopher Grimaldi, Robert ORourke, et al. "Lack of Detectable 
Somatic Hypermutation in the V Region of the Ig H Chain Gene of a Human Chronic B 
Lymphocytic Leukemia." Hie Journal of Immunoiogy, Vol. 141,3994-3998,1988 
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1. Sriram Balasubramanian, J. Christopher Grimaldi, J. Fernando Bazan, Gerard ZurawsM and 
Maureen Howard. "Structural and functional characterization of CD38: Identification of 
active site residues" 
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1. "Methods for Eosinophil Depletion with Antibody to CCR3 Receptor" (US 6,207,155 Bl). 

2. "Amplification Based Cloning Method." (US 6,607,899) 

3. Ashkenazi et al., "Secreted and Transmembrane Polypeptides and Nucleic Acids Encoding 
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DECLARATION OF J. CHRISTOPHER GRIMALDI. UNDER 37 C.F.R. § 1.132 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1 999. From 1 999 to 2003 , 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et aL, Pathol. Annu. . 27Ptl: 165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi et aL Blood , 73(8):2081-2085(1989); Meeker et al 9 Blood . 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PGR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 



AppL No. 
Filed 



10/063,557 
May 2, 2002 



under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 

By: | / /^Z- Date: _ 

1 Christopher Grimaldi 
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J. Christopher Grimaldi 

1434-36 th Ave. 

San Francisco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 
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Bioinformaucs, Cloning, Sequencing, and Legal teams. Collaborated with several SouS to 

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Research 
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15 ' S^nn h Ra r UngS ',?°T glaS °' Saffran ' Satoshi Tsukada > David A. Largaespada, J 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 



By J. Christopher Grim« 

Chromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-Hneage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eosinophilic The 
chromosomal translocation t{6;14) (q31;q32) from this 
— sample wardoned and studied at the molecular level; This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind [\\ / Ecom and 5au3A restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells In the sample represent normal 
bone marrow elements. 
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translocation Joined the immunoglobulin heavy chain join- 
ing Uh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
e 1989 by Grune & Stratton. Inc. 

protooncogenes, such as c-wprand bcl-2. lA In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct Subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation. 5 * 4 This syndrome probably 
occurs in <\% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q3l;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly, 
10 /ig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophoresed on a 0.8% 
"aj^fose^l. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported ' 

Genomic library. The genomic library was made using pub- 
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lishcd methods. 5 Approximately 100 fig of high mol wt genomic 
DNA were partially digested with the Sau3A restriction enzyme. 
Fragments from 9 to 23 kilobases (kb) in size were isolated on a 
sucrose gradient and Ugated into phage EMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 5 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Sequenase (United States Biochemical, Cleveland). 7 All sequence 
data were derived from both strands. 

RESULTS 

Wc studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL. 3 * 4 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4 (CD19), cALLA (CD10), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage. 1 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoKl 9 Hindlll, Sstl, Sa«3A, and EcoRL plus Hindlll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1 ). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;U)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore* a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no 
4) was chosen for further study and a detailed restriction 
map was generated. The EcdRT. Wtodm/EioM, znd Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it WMsuspected that clone no. 4 might contain part of this 
gene.* 12 When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag, 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promotor region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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3A)- The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcrip- 

the Jh4 region. Between the two breaks, 25 bp of uncertain tional orientation. 16 Using this information and assuming a 

origin (putative N sequence) were inserted, 1 * 14 No sequences simple translocation event in our sample, we can conclude 

homologous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromeric, and the 

could be identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gene more telomeric on chromosome 5q (Fig 4). 

nucleic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 

IL-3 gene and the IgH gene. The sequence data clearly the centromere, 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). 

Available, data also allowed us to determine the normal In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation translocationtfiat app^rs^to a fare, 

to the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 

known to be positioned with the variable regions toward the tion joined the promotor of the IL-3 gene to the IgH gene, 

telomere on chromosome 14q. W5 It has also been shown that Except for the altered promotor, the IL-3 gene appeared 

• • • + • 

A 5 1 GGTGACCAGGGTTCCXTG(X:CCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTG^ fi 0 

3 'CCACTGGTCCCAAGGGACCGGGGTCATCAGTTTCATCATCTCCATO^ 

• • • • 

5 1 TACCAGACAAACTCTCATCTGTTCGAGTGGCCTCCTGGCCACCCACCAGGACCAAGCAGGGCGGGCAGC 160 
3 ■ ATGGTCTGTTTGAGAGTAGACAAGGTCACCGGAGGACCGGTGGGTGGTCCTGGTTCGTCCCGCCCG 

m ********* m # # 

5 1 GTAGTCCAGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTCAGTGAGCT^ 240 
3 • CATCAGGTCCACTACCGTCTACTCTAGGGTGACCCGTCCTCCGGACrrcACTCGACTCAGTC 

• • • • 

5 • GGGGTCCTCTCACCTGCTGCCATGCTTCCCATCTCTCATCCTCCTTGACAAG 3 2 a 

3 1 CCCCAGGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACTTCACTATGGCAAATTCATTAGA^ 

********* # 

3 1 AA^A^AMCTGACTAGAACTCAT 400 

• • • • 

5 1 CAGATAAAGATCCTTCCQACGCCTGCCCCACACCACCACCTCCCCCCGCCTTGCCCGGGGTTGTGGGC ACCTTGCTGCTG 4Bfl 
3 ■ GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCGCAACACCCGTGGAACGACGAC 

5 'CAC ATATAA GGCGCGAGGTTGTTGCCAACTCTTCAGAGCCC 56L 
3 1 GTGTATATTCCGCCCTCCAACAACGGTTGAGAAGTCTCGGGGTGCTTCCTGGTCTO 

ri # I? • . .-^ • • 

5 1 ccaaa catga gccgcctgcccgtcctgctcctcx:tccaactcctc 64C 
3 • ggtttgtactcggcggacgggcaggacgaggacgaggt^ 

5 1 aacgtccttgaagacaagctgggttaac 3' 
s'ttgcaggaacttctgttcgacccaattg 5' 000 

D t iy%a 5 1 TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
D I 9Jn4 3 ' ACCGGGGTCATCAGTTTCATCAGTGTAACA CCCTCCGGGGTAATTCCCCACG TGTTTTTGGA CTGAGAG 

++++++++++++++++++++++ 
^ * a 5 • TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
C1 ' * 4 3 ' ArnflnflCTnATrACTTTCATC ATCTCCATTAA nTAGTATCGACGCCTAATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

, - 5 • GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 

1 1 " 3 3 • CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGC ACTGGCCGATGGT 

Fig 3. Sequence of t(5:14)(q31;q32) breakpoint region. (A) Nucleotide sequence of the BsmfHpd fragment Indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jh4 coding region underlined on the coding strand.* Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 Is that of the germllne IL-3 gene. 1 * The IL-3 TATA box (486). transcription start (616). and initiation 
methionine (667) are underlined. Two proposed regulatory sequences In the promotor are marked by asterisks (positions 182 and 389). (B) 
Comparative sequence of the t(5;14)(q31;q32) breakpoint region. The lgJh4 region is shown with its coding region, heptamer. and 
nonamer underlined. Clone no. 4 is shown with putative N region sequences underlined. The IL-3 sequence is also shown. A plus sign (+) 
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified In the IL-3 sequence. 
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FIq4. Diagram of the translocation. The normal chromosome 
5q31 is shown with the GM-CSF gene teiomerio to the IL-3 gene in 
the transcriptional orientation shown. On norma! chromosome 
14q32 the Vh regions are telomeric. The t(6;14)(q31;q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Fig 2. BP, breakpoint position. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 1718 This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the omyc gene in some cases of 
Burkitfs lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promotor element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Chrer-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are date indicating that immature B-lineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor. 11 * 21 

An additional feature of this type of leukemia is the 
dramatic eosinophilic consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor. 1 * 24 
Because of the known effect of IL-3 on eosinophil differentia- 
tion; rsecretion <of high 1eretoi>riL^by teutonic cells irilght 
have a role in the eosinophilia in this type of leukemia. 13 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation. 1 * 14 This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and iionamer) was found 
in this region on ehromosomc 5/suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation. 15 The 
inter ieukin-5 (IL-5) gene maps to chromosome 5q31* 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples. We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 

Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(6;14)(q31;q32) translocation from B-Hneage acute 
lymphocytic leukemia with eosinophil has been cloned 
from two leukemia samples. In both, cases, this transloca- 
tion Joined the IgH gene and the interleukin-3 (IL-3) gene. In 
-Pne_£atient^^ 

leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
;., bd-X c-oW, and omyc t that allocated adjacent to the 
translocation. 1 * 3 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q3f;q32) translocation. 3 - 4 Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case i) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described. 5 * 6 
Clinical features of Case 2 r havc been described in detail. 3 DNA 
isolation and Southern blotting was done using previously described 
methods.' Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoRl genomic IL-3 fragment, and an IL-3 
cDNA probe." 

Northern blots. RNA isolation and Northern blotting have been 
described. 9 Briefly, Northern blots were done by separating 9/ig 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA probe. 10 * 12 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 1 44:5'-TAGG ATCCG ACGGTOACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5 -AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 ^L containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCl* 10% dimethyl sulfoxide 
(DMSO), 170 ug/mL bovine serum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-6 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the> IL-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkm-EImer, Norwalk, CT). 13 

Sequencing. Sequencing was done by chain termination in Ml 3 
vectors. 14 As part of this study, we sequenced a subclone of a normal 
DL-3 promoter, covering 598 base pairs from a Sma I site at position 
- 1240 (with respect td the proposed sitfrcf transcription initiation) 
to an Nhe I site at position - 642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos7 cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. 10 Briefly, the HindSn/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously described phage clone 4 into pUC18. $ The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the porylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TP1 bioassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF. 15 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 /xL volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-well microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 pL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell concetitetion^f 1 x. 10* cells per well. (final 
volume, 100 /iL). the plate was incubated for 48 hours! The 
remaining cell viability was determined metabolically by the colori- 
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metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nm." 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytoldne antibodies (10 Mg/mL) to coat the wells of a PVC 
microtiter. plate, The capture, antibodies used were BVD3-6G8, 
JBS1-39D10, and BVD2-23B6, for the IM, EL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for H^3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
BU5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL-3, or HHP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bis-ben2tluazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the HindUI restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
• mately 14 kb was detected (dattmot shown). When r<5probed 
with either of two different IL-3 probes, .a rearranged 14 kb 
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fragment, emigrating with the rearranged Jh fragment, was 
.denied When leukemic DNA was digested ■ JSStoS- 
tff a rearranged Jh fragment was detected a 
T*e JX-3 probes also identified a oomigrating fragment of 

2L3TJ2!? CXPeri f ,ent8lndicated Scemic 
sample studied was clonal and that a single fragment 
contain* both Jh and IL-3 sequences, suggesting *2££ 
cation had occurred. 

immunoglobulm heavy chain (IgH) gene, the polymerase 
chain reaction (PCR) was used to clone the translocation." 
A Jh pnmer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 

yielded a PCR-denved fragment of approximately 980 bp 
which was cloned and sequenced. p ' 
The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene in a head-to-head configuration (Fie n 
Sequence analysis indicated that the breakpoint on chromo- 

EITw T JU f UpStfeam of tte J* 5 region. The 

5"^L ° D . Chr0mosomc 5 934 bp upstream of 

tibe putative site of transcription initiation of the IL-3 gene. 
We ako detenmnedtiuit a putative N sequence of 17 bp was 
inserted between tfirehfiJmosotne 5 «d chromosome u 
sequences during the translocation event' 7 '* Figure 2 shows 
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Fl9*. Relationship of chromo«om<i 6 breakpoint, to tha IL-3 gene. This figure show* the two cloned hr»»i„~i.~- i 
the normal IL-3 gene.™ On. breakpoint occurred at position -462 and the other at ^S^^^ 0 ^ ta '•«•*>•• «» 
translocation, resulted In a head-to-head Joining of the IgH gene and the IL-3 gane, leaving the mRN A aTd^rl't „iL ^ «*«»>nwtanc^ tha 
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Fig a Documentation of IL-3 mRNA over-expression. A Northern blot was prepared and hybridized with a nroh* w n « i « 
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the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promotor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not shown). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19,20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either antjr-IL-5 or anti-^M-CSF^as consistent with the 
inability to measure these factors by immunoassay .and 



Table 1 . Peripheral Blood Counts and Growth Factor Levels 
at Different Times In Case 2 

Sampte Data 





11/16/83 


1/16/84 


3/14/84 


Peripheral blood counts (cells//iL) 








WBC 


81,800 


116,500 


12,300 


Lymphoblasts 


0 


33,785 


0 


Eosinophils 


46,626 


73,080 


616 


Serum growth factor levels (pg/mL) 








IL-3 


<444 


7,996 


1,061 


GM-CSF 


<16 


<16 


<15 


lt-5 


<50 


<60 


<50 



Peripheral blood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden. 3 No serum samples were available for a similar 
analysis of Case 1 . 

Abbreviate*: WBC, white blood cells. 
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indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promoter associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal EL-3 gene 
product In this work, we have documented that this is true. 
In addition, neither GM-CSF nor f L-5 areW-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia. The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop. 
The final proof of our thesis must await additional data In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
crine effects of laikemia-dennpl %3, similar interventions 
may Improve this aspect of the disease. Antibodies or* 
engineered ligands to accomplish these goals may soon be 
available. 
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Crnrrcar and Pathologic Significance of the 
c-erbB-2 (HER-2/neu) Oncogene 

Timothy P. Singleton and John Q. Strickler 



The c-erbB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al, 79 who reported that oerfcB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-er&B-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-eriB-2 activation, which has not been emphasized in 
recent reviews. 3 ^* The molecular biology of the c-erfcB-2 oncogene has been 
extensively reviewed 37 . 3 *.* and will be discussed only briefly here. 

BACKGROUND 

The c-er&B-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. 8 - 7 * 7 * 78 The c- 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
0rbB*Mt* HER-2 was isolated by screening a human genomic DNA library for 
homology with v-eriB. M When the DNA sequences were determined subse- 
quently, c-eriB-2, HER-2, and neu were found to represent the same gene. 
Recently; the c-erbB-2 oncogene also has been referred to as NGL. 

The c-erfaB-2 DNA is located on human chromosome 17q21 24 * 3a - 66 and codes 
for c-erfcB-2 mHNA (4.6 kb), which translates c-erbB-2 protein (p!85). This 
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protein is a normal component of cytoplasmic membranes. The 
oncogene is homologous with, but not identical to, c-erfcB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor rcccptorA l0 &Thc e- 
er&B-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain.* 1 * Electron microscopy 
with a polyclonal antibody detects o-erfeB-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially oh microvilli and the non-villous outer cell 
membrane. 61 In normal cells, imnranohis tochemical reactivity for oerhB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border. 

There is experimental evidence that c^erbB-2 protein may be involved In 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal o 
erbB-2 protein can transform a cell line into a malignant phenotype.* 5 Also, 
when the neu oncogene cx>ntainih^afl activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 18 * 63 In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neu-transformed cell line, 26 - 38 and immunization of mice with 
neu protein protects them from subsequent tumor challenge with the neu- 
transformed eel) line. 14 Some authors have speculated that die use of antago- 
nists for the unknown ligand could be useful in future chemotherapy 85 Further 
review of this experimental evidence is beyond the scope of this article. 

The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of o-erfeB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c~erZ>B-2 activation 
at multiple sites in the same patient, immmU» although c-erfeB-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor; 57 89107 
Even more rarely, c-eriB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 5 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-erf>B-2 activa- 
tion, but only a few such pases have been studied. 11 > . 

MECHANISMS OF oerf>B-2 ACTIVATION 

The most common mechanism of c-erbB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of e-eriB-2 mBNA and 
protein. lr » a4 ' 65 ' 81 The c-erbBr2 amplification may stabilize the overproduction of 
mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-erbB-2 amplification contain 2 to 40 times more c-erfcB-2 DNA* 3 and 4 to 
128 times more c-arfcB-2 mRNA 3 * 90 than found in normal tissue. Most human 
breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more oerfcB-2 
DNA. TVimors with greater amplification tend to have greater overproduce 
tion. 17 '®** 5 Hie non-mammary neoplasms that have been studied tend to have 
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similar levels of c-«rfcB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of c-erfcB-2 activation is overproduc- 
tion of c-eriB-2 mRNA and protein without amplification of c-erfcB-2 DNA 81 
The quantities of mRNA and protein usually are less than those in amplified 
ease* and~may-approaeh flie^maltquanti feies-presentin-normaLbreasto^other 
tissues. 17 .«*» The c-erbB-2 protein Overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines. 47 

Other rare mechanisms of c-eriB-2 activation have been reported. Translo- 
cations involving the c-er&B-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic tiwslocations. 3 ^^ 8 **** 108 A snlgle point mutation in die transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea. 9 ' 56 The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. l0 » 83 - 98 Although there has been specula- 
tion that some of the amplified c-erfeB-2 genes may contain point mutations, 48 
none has been detected in primary human neoplasms. 41 » 5 ^ 81 

TECHNIQUES FOR DETECTING ACTIVATION 
Detection of c-erbB-2 DNA Amplification 

Amplification of e-<?r&B-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization, In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c~erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a o-srbB-2 DNA probe. In both tech- 
niques, oerbB-2 amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of oer&B-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells, 81 Second, the c-efiB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide o- 
er&B-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
er6B-2 ? to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro* 
mosomes, 5 '®' 80 with rare exception. 17 Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas. 3 

Amplification of c-erbB-2 DNA was assessed by using the polymerase 
chain reaction (PGR) in one recent study. 3 * Oligoprimers for the c-er&B-2 gene 
and a control gene are added to the samples DNA, and PCR is performed. If 
the^affipte-^imtafcra^^ 
c-eriB-2 DNA is replicated preferentially. 

Detection of c-ert>B-2 mRNA Overproduction 

Overproduction of c-er&B-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization. IJoth techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c^rfcB-2 mRNA has-been described in two recent 
abstracts. 8 * 10 * 

Overproduction of c-erfeB-2 mRNA can be measured by in situ hybridisa- 
tion, Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-er&B-2 mRNA. Negative control probes are 
used. 65 - 9 *."* Our experience indicates that these techniques are relatively insensi- 
tive for detecting c-er&B-2 mRNA overproduction in routinely processed tts-r 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of c-erbB-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above c-erfcB-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during the detection 
procedure, RNA can be degraded by RNase, a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in the tissue of interest need to be carefully 
selected. ^ r * 

Detection of o-erAB-2 Protein Overproduction 

The most accurate methods for detecting c-erfcB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-erfcB-2 protein. In 
Western blot studies, protein Is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-er&B-2. In immunoprecipitation studies, antibodies against c-erZ>B- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology. Two recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-erfrB-2 protein. 
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Overproduction of o-eri>B-2 protein is most commonly assessed by various 
immunobistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the c-erfcB-2 
proteiir-band-oirVifcs^ 

studies should be interpreted With caution. 22 ^ 7 ** 1 Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to c-crbB-2 (P185). 3 * 59 - 88 
Second, tissue fixation contributes to variability between studies. For example, 
some antibodies detect c-erhB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells.* 1 - 8 * 
When BouinVfixqtfve is used, .there may^be a Jnj^^ percentage of positive 
cases. 2 * Third, minimal criteria lor interpreting immunohistochemical staining . 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for oerfeB-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose oerfeB~2 protein overproduction varies from study to study and from 
antibody to antibody* Degradation of c-erl>B-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 6 * 

ACTIVATION OF c-erbB-2 IN BREAST LESIONS 
Incidence of oerbB-2 Activation 

Most studies of c-erfeB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfcB-2 DNA was found 
in 19. 1 percent (519 of 2715) of invasive carcinomas in 25 studies (Ihble 1), and 
c-erfcB-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented o- 
VrbBrZ mRNA or protein overproduction ih 15 percent (88 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c-erbB*2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfcB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent oerbB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget s disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erfcB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

Hie c-erfeB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erfeB-2 activation > 40 « 54 * 6a especially if larger cells are present. The greater fre- 
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quency of c-erfrB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-er&B-2 activation infrequently. Others have speculated 
that carcinoma in situ with c-erbB-2 activation tends to regress or to lose c- 
^eT&B^~acffvafro^ 

components of ductal carcinoma, however, usually are similar with respect to o- 
erfcB-2 activation, 11 * 39 although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive than in in situ carci- 
noma, 40 ^ 88 Activation of c-erbB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erfcB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
but may include other areas of -carcinoma in situ.^ 84 Overpro^tion ako- 
eriB-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate. 68 

Activation of c-er&B-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-erfcB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 39 ^ In normal breast tissue, c-er&B-2 DNA is 
diploid, and c-er6B-2 is expressed at lower levels than in activated tumors. 3 * 3 * 6 * 88 

These preliminary data suggest that c-er6B-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, activation is infrequent in tubular carcinoma and radial scars. 

In addition, because c-erbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-er&B- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-er&B-2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2. oerbB-2 ACTIVATION IN BENIGN HUMAN BREAST IfSIONS 



Histological Diagnosis 




e*erfeB-2mRWA 


oert>B-2 Protein 


Amplification* 


Overproduction 


Overproduction 


Fibrocystic disease 


0/1 0 33 




0/32,»a/9«0/8» 


Atypical ductal hyperplasia 






2(weak)/21 » 








1 (cytoplasmic)/^ 38 


Benign ductal hyperplasia 






0/12" 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/1 6,* 0/6 « 


0/6»0/33* 


0/21 » 0/10* 




0/2* 0/1" 




0/8 ( »Q/3« 


Radial scars 






0/22** 


Blunt duct adenosis 






on 4» 


"Breast mastoels" 




Q/3» 





"Shown as number ol cases with acttvation/num&er of eases studied; reference Is given as a superscript 
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c-erfoB-2, however, does fevor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful. 

Correlation of c-er6B~2 Activation With Pathologic Prognostic Factors 

Multiple stud ies have attempted to correlate c-eriB-2 activation with various 
pathologic prognostic Sctolre fl'able 3). Activation of c-erfeB-2 was correlated" 
with lymph node metastasis In 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-er&B-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic fectors and may correlate with c-erbB-2 activation.* 7 

Correlation of c-erbB4 Activation With Cllnlca^Prognostlc Factors 

Various studies have attempted also to correlate c-eriB-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of c-erfrB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with oerbB-2 activation, and, in the rest of the reports, c- 
erfeB-2 activation was associated with either younger or older ages. 

Correlation of c-erdB-2 Activation With Patient Outcome 

Slamon et aF»-« first showed that amplification of the c-erbB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-er&B-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis. 10 * 81 

A large number of subsequent studies also attempted to correlate c-erfcB-2 
activation with prognosis fable 5). In 12 series, there was a correlation be- 
tween oenbB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erfrB-2 activation was reported to be 
independent of other prognostic fectorSrJn contrast, 18 series did not confirm 
the correlation of c-crfeB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erbB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
e-eriB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfeB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erfcB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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Ke^ b SSSS p °* bB * 2 AC ™ A ' noN ™ 0UTC0ME ,M ' ATlENTS 



Number of Patients 



Typo of 



<0.05 


DNA 


178 






M 


OCT 
Of 


<0.05 


DNA 


61 






(J 


50 


<o.os 


DNA 


57 






li 


DO 


<0.05 


DNA 


41 






U 


era 


<0.05 


mRNA 


te 






U 
w 


65 


<0.05 


Protein * 


102 




* 'IV 


HI M» " 


lllp 


<0.05 


ONA 




346 




M 


Of 


<0.05 


DNA 




120 




li 


• If 


<0.05 


DNA 




91 




M 

V 


try 

Oi 


<0,05 


DNA 




86 




M 


70 


<0.05 


Proteln-WB 




350 




M 


85 


<0.U5 


Protein 




62 


44 


U 


101 


0.05-0.15 


DNA 


67 






u 


111 
92 


0.05-0,15 


Protein 


189 






M 


0.05-0.15 


Protein 




120 




U 


86 


>0.15 


DNA 


130 






U 


113 


>0.15 


DNA 


122 






M 


4 


>0.15 


DNA 


50 






U 


44 


>0.15 


mRNA 


57 






U 


50 


>0.15 


Protein 


290 






M 


86 


>0.15 


Protein 


195 






U 


11 
39 


>0.15 


Protein 


102 






U 


>0.15 


Protein 




137 




U 


17 


>0,15 


DNA 






161 


M 


61 


>0.15 


DNA — 






159 


U 


>0.15 


DNA 






73 


u 


87 


>0.15 


Protein- WB 






378 


u 


86 


>0,15 


Proteln-WB 






192 


u 


17 


>0,15 


Protein 






141 


u 


86 


>0.15 


Protein 






41 


u 


40 



. siuuwo were romor recurrence or decreased survival or both. Correlation between c- 
er*M activation and a poorer patient outcome is statistically significant at <0.06\ Is of equlvocaJ significance 
at 0.05 to 0.1B, and Is not significant at >0.15. 

*Shown as variable measured. Letters «WB" indicate assay by Western blot; the other protein studies used 
Immunohistochermcai method*. 

e M = multivariate statistical analysis; U - untvatiate statistical analysis. 
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70- 



iymph nods 
metastasis In 
each study 



60- 



60- 



40* 



71 (DNA)* 



61 (DNA)» 

59 (DNA) 07 
58(Proteln)« 



64(DNA)^ 



42(Proteln)* 



P<0.05 



+ 



0.05<P<0.16 



64(mftNA)» 
61(DNA)« 



58(DNA)« 
57(DNA)'« 
^(Protelnp 

48(Prolein)" 
46(Protein)« 



H 

p>o:ie 



P for correlation of c-eroB-2 acttvaSon with patient outcome. 

^o^L^A teae 01 breast ««*iom38 with metastasis b compamd with the correlafion between o- 
cancer patients, whether or not they had axHary meta^ 

are the types of oeroB-2 activation. P values are interpreted as In Table a. " 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c~er6B-2 activation is Infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of c- 
erbB-2 1 activation in dupjtal tumors In a,dditk*n, most studies do not analy^ 
inflammatory breast carcinoma separately, this condition frequently shows c- 
er6B-2 activation and has a worse prognosis than the usual 'mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erfeB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. TVo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-erfcB-2 overexpression predicted early 
recurrences In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-erbB-2, activation.** 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-«r&B-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-*rfeB-2 activa- 
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tion and poor patient outcome measure c-eriB-2 DNA amplification (Table 5) 
and breast carcinoma patients with greater amplification of cerbh-2 may have 
poorer survival™ " Recent studies suggest that amplification has more prognos- 
tic power than overproduction,™." but the clinical significance of c-eriB-2 
overproduction without DNA amplification deserves further research.".* Few 
_studies-^e-attempM-^o-«orre^ 
overproduction, and many studies of c-eriB-2 protein overproduction use rehv 
uveJy less reliable methods such as immunohistochemical studies with nolv- 
clonal antibodies. 

Comparison of c-eribB-2 Activation With Other Oncogenes In 
Breast Carcinoma 

Other oncogenes that may have prognostic implications inbuman breast cancer- 
are reviewed elsewhere. This section will be restricted to a comparison 
between the clinical relevance of c-er&B-2 and these other oncogenes. 

The c-myc gene is often activated in breast carcinomas, but c-rm/c activa- 
tion generally has less prognostic importance than c-erfcB-2 activation. "•*u<r7.tB 
One study found a correlation between increased mRNAs of c-erbB-2 and c 
myc, although other reports have not confirmed this.*-™* Subsequent research 
however, could demonstrate a subset of breast carcinomas in which c-rouc has 
more prognostic importance than c-eriB-2. 

The gene c-erbB-1 for the epidermal growth factor receptor (EGFR) is 
homologous with c-erfeB-2 but is infrequently amplified in breast carcinomas.™ 
Overproduction of EGFR, however, occurs more frequently than amplification 
u^o Y C j rreIate a P°° r Prognosis. In studies that have examined both c- 
erdB-2 and EGFR in the same tumor, c-erfcB-2 has a stronger correlation with 
poor prognostic factors. M Studies have tended to show no correlation between 
amplication of c-erbB-2 and c-erfeB-1 or overproduction of c-erfeB-2 and EGFR. 
although at the molecular level EGFR mediates phosphorylation of e-«r*B-2 
protein.M.«.«Ma.io» Recent describe EGFR in breast carcinoma. «u» 

The genes c-er&A and ear-1 are homologous to the thyroid hormone recep- 
tor, and they allocated adjacent to*6^feBt€ on chromosome 17. These genes 
are frequently coamplifled with o-erbB-2 in breast carcinomas. The absence of 
c-er&A expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia." Amplification of c-erbB-2 can occur 
wthout eor-1 amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-*rfeB-2 and ear-1 amplification." Consequently, 
c-erttf-2 amplification seems to be more important than amplification of oerbA 
or ear-1. 

Other genes also have been compared with cerfcB-2 activation In breast 
carcinomas. One study found a significant correlation between increased c-erfeB- 
2 mRNA and increased mRNAs of/os, platelefcderived growth factor chain A, 
and Kf-«s.i« Allelic-deletion of c-Ha-ras may indicate a poorer prognosis in 
breast carcinoma," but it has not been compared with cer6B-2 activation Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes.<u.i» 
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ACTIVATION OF c-erftB-2 IN NON-MAMMARY TISSUES 

Incidence of c~ert>B-2 Activation in Non-Mammary Tissues 

Table 7 summarizes the normal tissues in which c-erbB-2 expression has been 
detected, usually with immunohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF o-e/fcM mRNA OR >erbB-2 PROTEIN IN 
NORMAL HUMAN TISSUES ' 

Tissues With 

CH9rbB-2 Tissues Producing Tissues Lading Tissues Lacking 
mRNA oe/frB*2 Proton* c-e/bB-2 mRNA oe/bB-2 Protein 



Sk!n» 



Stomach 2 * 

Jejunum 2 * 

Colon** 

Kidney 2 * 



Uver 2 * 



Lung* 



Fetal brain 2 * 

Thyroid 1 
Uterus 2 * 



Placenta 24 



EpldenmlBW 
External root sheath 6 ^ 
Eccrtne sweat gland 5 * 

Fetal oral mucosa 8 * 
Fetal esophagus 62 
Stomach 2 *^ 
Fetal intestine 62 * 
SmaD Intestine 2 ^ 62 
Coton»» 

Fetal kidney 62 - Kidneys" 



Fetal proximal tubule 03 
Distal tubule 62 
Fetal collecting duct 62 
Fetal renal pelvis 62 
Fetal ureter 62 
Hepatocytes 22 
Pancreatic acini 22 
Pancreatic ducts** 2 
Endocrine cells of Islets 
ofLangerhans 22 

Fetal trachea® 
Fetal bronchioles 62 — 

Bronchioles** 



Fetal ganglion cells 82 



Ovary 12 

Blood vessels* 2 



Postnatal oral mucosa 62 
Postnatal esophagus 62 



Glomerulus 62 

Postnatal Bowman's capsule 62 
Postnatal proximal tubule 62 

Postnatal collecting duct 62 
Postnatal renal pelvis 62 
Postnatal fetal ureter 62 
Liver 62 * 



Pancreatic Islets 62 

Postnatal trachea 62 
Postnatal bronchioles 62 

Postnatal alveoli 62 -* 
Postnatal brain 62 
Postnatal ganglion ceils 62 



Endothelium 62 

Adrenocortical cells 62 
Postnatal thymus 62 
Fibroblasts 62 
Smooth muscle cells 62 
Cardiac muscle cells 62 



•This protein study used Western blots; the rest used Immunohlstochomteal methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by irotaunoprecipitatton or 
Western or RNA blots. Production of c-wfeB-2 has been identified in normal 
jgpithehum of the gastrointestinal tract and skin. Discrepancies regarding c- 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-ertB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
- been documented for c-erhB-2. ' c "~ *** 

Activation of c-erfcB-2 has been identified in 32 percent (84 of 203) of 
ovarian carcinomas in eight studies (Table 8). One abstract" stated that ovarian 
carcinomas contained significantly more c-eriB-2 protein than ovarian non- 
epithelial malignancies. Another report" showed that 12 percent of ovarian 
carcinomas had c-er&B-2 overproduction without amplification. 

Activation of c-erbB-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE 8. c-erbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS* 







c-erbB-2 


oeroB-2 






mRNA 


Protein 


Tumor Type 


C-0I-6B-2DNA 


Over* 


Over- 


Amplification 


production 


production 


Ovaty-cardnoma. not otherwise 


31/120 « 1/11 a 


23/67*1 


23/73,1* 


specified 


0/5,11* o/5," 0/3»* 


3e/72<« 




0/2*0/1110 






Ovary-serous (papBlary) carcinoma 








sOvary— endometrioid cardnoma-- - 


0/3W ~* '• 






Ovary— mucinous carcinoma 


1/2."»W» 






Ovary—clear cell carcinoma 








Ovary— mixed epithelial carcinoma 


0/2 72 






Ovary— endometrioid borderline tumor 


0/1* 






Ovary— mucinous borderline tumor 


0/3™ 






Ovary— serous cystadenoma 


0/473 






Ovary— mucinous cystadenoma 


0/2* 






Ovary— .sclerosing stromal tumor 


0/1* 






Ovary— fibrothecoma 


0/1" 






Uterus — endometrial adenocarcinoma 


0/4," 0/1 







'Shown as number ol cases with amplification 
given as superscript All protein studies used 



{or overproductlonVtotal number ol cases studied; reference is 
Immunohistochemical methods. 
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Intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation of c-erfeB-2 bas been detected in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochemical 
study detected c-er&B-2 protein in seven of eight tissues fixed in Bouin's solu- 
tion. One study found greater lmmunohistochemical reactivity for oeriB-2 
protein in colon i c adenom a tous polyps than^A^adjacentooftnal^epidieUum r 
using Bouin's fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased lmmunohistochemical reactivity for c- 
erfcB-2 protein » Hepatocellular carcinomas (12 of 14 cases) and cholanglocarci- 
nomas (46 of 63 cases) reacted with antibodies against <na*B-2 in one study, but 
some of these "positive" cases showed only diffuse cytoplasmic staining, which 



STABLE a oe/DB-2 ACTIVATION IN HUMAN QASTR01NTEST1NAL TUMORS' 



TUmor Typo 



c-ert>B-2 DNA 



Ovef^ 
production 



Esophagus— squamous cell carcinoma 
Stomach— carcinoma, poorly differentiated 
Stomach— aderocardnoma 

Stomach— carcinoma. Intestinal or tubular typo 
Stomaoh— carcinoma, diffuse or signet ring cell type 
Colorectum — carcinoma 



Colon— villous adenoma 
Colon — tubulovlllous adanoma 
Colon— tubular Adenoma 
Colon— hyperplastic polyp 
Intestine — leiomyosarcoma 
Hepatocellular carcinoma —> * * 
Hepatoblastoma 
Cholanglocarcinoma 
Pancreas— adenocarcinoma 
Pancreas— acinar carcinoma 
Pancreas— clear cell carcinoma 
Pancreas— large cell carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



2/24,8*2/^10/2/8,111 

2/8,»0>|i» 

5/10<* 

0V2"» 

2/49" 1/45,"' 
1/45^1/45,60 
0/40," 0/32™ 0/3« 
0V16P 

075» 
0/7*> 
0/1" 



071 2"t 



071 w 



0/1*1 

4/27,»3/10« 

16/64* 
4/45» 



19/1 ©*> 
0/1« 

12/1** #2" 

46/63* 

2/B0« 1c 0/2« 1 

071 « 

072* 

073* 

0/14i 

Q/14** 



•Shown as number of cases with amplification (or overproduc«on)/totaJ number of cases studied; reference Is 
given as superscript Ail protein studies use^immunohtetochemlcaJ methods. No studies analyzed for o*rbBr 

Tissues fixed In Bouin's solution. 

c Only cases with distinct membrane staining are Interpreted as showing c-erftB-a overproduclloa 
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TABLE 10. oert B-2 ACTIVATION IN HUMAN PULMONARY TUMORS 9 



Tumor Typo 



c-erfcB-2 DNA 
Amplification 



c-erbB.2 
Protein 
Overproduction 



Mon-amall ce{) carcinoma 

Adenocarcinoma 
Urge cell carcinoma 
Small cafl carcinoma 
Cardnold tumor 



2/60," 0/60« 

0/21 « 1/13»Q/7,"i 0T7 f w 0/3^ 
0/9«0/^> 



1/84» 
4/1 2» 



0/26,«0/3» 
Q/3» 



9W ai^euperecitpi AO protein studies used Immunohlslbchemtcal methods. No studies anafyzed for o*rbB- 

does not Indicate c-er&B-2 activation in breast neoplasms * Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for o-erhB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining." 

Tables 10 through 14 summarize the studies of c-erfrB-2 activation in other 
neoplasms. The c-erfcB-2 oncogene is not activated in most of these tumors. 
Activation of c-erbB-2 has been detected to 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas to nine studies, although one additional report* 
found c-eriB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
nomahad c-er*»B*2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-erfcB-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion." Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-erfeB-2 protein, but it is not clear 

TABLE 11. e^bB* ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



> 

Tumor Type 


— oerttMDNA ^ 
Amplification 


Over* 
production 


c-erfcB-2 
Protein 
"Over* 
production 


Hematologic malignancies 


0/23"* 






Malignant lymphoma 


(V9 t sr Q/3107 


Q/V 


0/1 5" 


Acute leukemia 


a/14** 






Acute lymphoblastic leukemia 


tVi'O? 






Aoute myeloblasts leukemia 


0/3«r 






Chronic leukemia 


0/19*7 






Chronic lymphocytic leukemia 


0/6 w 






Chronic myelogenous leukemia 








Myeloproliferative disorder 









given as superscript. All protein studies used immunohtetochemical methods. 



1 studied; reference le 
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TABLE 12, c-erbB-2 ACTIVATION IN HUMAN TUMORS OP SOFT TISSUE AND BONE' 



c-erbB-2 DNA 
Tumor Type Amplification 



Sarcoma Q/10, 111 0/8 57 
Maligna nt fibrous histiocytoma 0/1 jg _ 

Uposarcoma rj/3107 

Pleomorphic sarcoma 0/1 iw 
Rhabdomyosarcoma 

Osteogenic sarcoma 0/2, m 0/2^ 

Chondrosarcoma q/l 1D7 

Ewtng's sarcoma Q/1» 

Schwannoma 0/I* 7, 



^hovm as nui^ of cases vrf* 
g^ as superscript Nteshidlw 

whether the protein level is increased over that of normal skin » Thyroid 
carcinomas and adenomas can have low levels of increased e-eriB-2 mRNA 
One abstract, described low-level c*r&B-2 DNA amplification in one of ten 
salivary gland pleomorphic adenomas. 48 

Correlation of c-artB-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-erfcB-2 activation in non- 
mammary tumors with outcome, Slamon et al w showed that cserbB-2 amplifica- 
tion or overexpression in ovarian carcinomas correlates with decreased survival 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade." One abstract stated that <ser*B-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval.™ Another ab^<tdescribed^t^denc^for hnmunohisto- 

TABLE13. c-crftB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT* 



o-ertB-2 *er68»2 
mRNA Protein 
<wl>B-2 0NA Over* Over- 

Tumor Type Amplification production production 

Kidney— renal cell carcinoma 1/5,^ 1 /4, w o/5*« 0/1 8 tw " — 

Wilms* tumor 0/457 _ 

Prostate— adenocarcinoma — _ 

Urinary bladder-^cardnoma _ 



0/2S58 

1/43» 



2e^^ (0f ™*^™>/to»al number of cases studied; reference is 

given as superscript. All protein studies used ImmunohfetocherntcaJ methods. 
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TABLE 14. c-ertB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS* 



Tumor T yp^ 

-Sklfemallgnantmelanoma 
Skin, head and neck — squamous 
cell carcinoma 

Site not stated — squamous call 
carcinoma 

Salivary gland— adenocarcinoma 
Parotid gland— adenoid cystic 
carcinoma 

~ ThyroW— anaplastic carcinoma 
Thyroid— papillary carcinoma 
Thyroid— adenocarcinoma 
Ttoynrtch-adenoma 
Neuroblastoma 
Meningioma 



oerbB-2 
DNA 
Amplification 

Q/7iw 
1/1* 



0/1 • 

0/5' 
0/1" 
(V2* 

0/2" 



c-erbB-2 mRN A 
Overproduction 



oert>B*2 
Protein 
Over* 
production 



0/1* 



0/11 * - 
3(iow leveteys* 

1(lowievele)/2» 



r^rT^ reaC " Vity protein to correlate with higher grades of pros- 

othe a ^7 rdn0ma ' OT Additional prognostic studies of ovaSn £LouJ™8. 
other neoplasms are needed. 



SUMMARY 



UNaTa^ ^ B * 2 "f 0 *** 03,1 occur ^ amplification of cerbB-2 
™ tl ^ * ° Ver P K ?, UCtl0n of <^^B-2 mRNA and W.B-2 protein. Approxi- 
332 bieaSt CardniimaS ^evidence of^^^S, 
which correlates with apoor prognosis primarily to patients with metastasis 2 
Miliary lymph nodes. Studies that have attempted to correlate cariB-2 activa! 
bon with other prognostic factors in breast carcinoma have reported conflicting 
conclu slons ifce pa thologi C and clinical significance of c-eriB^ activadoTto 
other neoplasms is unclear and should be assessed by additional studies 
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High throughput array studies of the ©reast cbikx* cen line 
BT474 has suggested that there te a correlation between 
DNA copy numbers and 'gene expression k> highly amplified 
areas (Z), and studies of Individual genes In soBd tumors 
have revealed a good-correlation between gene dose and 
mRNA or protein leveia In the case of o-erb-B2, cyc»» ai 
emaf»and N-myo (&-6), However, a high cyciln D1 protein 
expression has been observed without simultaneous am- 
onfloatfon (4% and a low level erf o-myo copy number In- 
=rease was observed without concomitant o-myo protein 
overexpresslon (6). 

u.^^^-***** fn situ 
nywwteation, and comparative genomic hybridization (CGHj* 
have revealed chromosomal abenations teat seem to be 
characteristic of certain stages of disease progression. In the 
case of non-invasive pTa trensibbnaJ eel careinomas (TCCsIl 
this Includes loss of chromosome 9 or parte of it, aa woO aa 
loss of Y in males. In minimally Invasive pTi TCCs, the fol- 
lowing alterations have been reported: 2q-, Hp- i q+ 
11q13+. 17q+. and 20q+ (7-12). it has been suggested mat 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas Involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and galnsvery difficult 

In thte Investigation wa4Mro 
notogy for detecting genomic gains and tosses (CGH) with 
gene expression profiling techniques (mJcroafrays and pro- 
teomlcs) to determine the effect of gene copy number on 
transcript and protein levels tn pairs of norHnvaslve and in- 
vasive human bladder TCCs. 

EXPERIMENTAL PROCEDURES 
AfatoteZ-Badder tumor biopsies were sampled after Informed 
consent was obtained and after removal of ttssuefor routlr* 
ogy examination. By light microscopy tumors 335 and 
staged by an experienced pamotootst as pTa (superficial papttenA 

' The dsbrevlations used are: OGH, comparative genomlo hvbrid. 

S^T M6d «*. -"WESTS 
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counterpart tumor 532, Th© u 



0-5(feft)and2.0frfeM). in c»«>rno«£m^wtoS * Wteate a ratio of 

pn>fH» of that chromosome to 

wnrtnancm^abowthBtewflfwnatw^ 000 Bene ««tv WertBled byrt» 

«yher. « was regarded a, more manTwJTcr^ ^2^2^^^ * gT^f^**"" * *• «^ ^P**«r*r < 



srade I and II, respectively, tumors 733 and 827 were staged as pTI 
Jnxrashre Wo jubmucosa). 733 was staged as solid. and827 was 
staged as papfflary. both grade III. 

^^f^^"?^' 1 ^ btopsl3a ' 0btafn8d **** frwi surgery, 
were embedded Immediately In a sodiun-guanldlnlum thtocyanate 
eohjBon and stored at -80 «C. Total RNAwaa tooteted^Jth, 
RNA* IB RNA isolation method (WAK-Cnemle Medfcd iSmbX 

feotah * * m ssa 

CWM fteparatfon-1 M g of nAN A was used as starting material 
^Z^tZ^f™* eDm 8yT,tt,este wa » P"*""*! "sing the 

tutor's Instructions but using an oBg<*fT) prlmereontalnlngaT7RNA 
Pcfymarase binding site. Labeled cRNA was prepared using the ME- 
GAscrip® Wtro transcription wt (Ai^atoSw^CTP«Kl 



^-^T Wlth urtabe, « l h the reaction. 
Fonowtng the fti vftn. transcription reaction, the urfrworponrted V£ 
cte f^ J^fjwwed using RNeasy columns (CSafler* 
Aray HybtkBzatlon and Scarmlng-Atray hybri di z ati on and scar*. 

fragmented at 94 °G for 35 mm In buffer oontamino 40 imi th. 
f^l^L P " 8 :!' ,0 ° ™ KQAo. 30 MgO^PrC^hywZtJn! 
the fragmented cRNAm a6x 3SP&-T bybrW^lwiferfnaS 

aubso^enUy cooled to 40 »C, and loaded onto me Affyn»t£ pS 
array cartridge. The probe array was then Incubated tor 16 h at 40« 
at constant rotation (B0 rpm). The probe anay was exposed to in 
washer. 6X SSP&T at 25 «C followed by 4 washes MttTsJ^? 
1^-^WoUnyteted cRNA was SataadwS a 
phycooiythim conjugate, 10 Mg/rnl (Molecular Probes) hO^asPE^ 
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for30 rota 8125 *C fbfloww} by 10 washes ln$xSSPE-Tat25»C.The 
probe arrays were scanned at 560 nm using a confocal laser scanning 
■™ff«ap»«^ 

from the quantitattvo scanning wore analyzed by AflVmetttx gene 
expression analysis software, 

owwioed previously (14). Mcrosatettes were selected by use of 
^«bO»n^ end primer sequence. Zete ob- 

wed tan the genome data base at www,gttxor^DNA was extracted 
fromfcmor and Wood andampfifledby PCRhavokmeof 20|ilfar35 

AHWsm 377, Data were collected In the Gene Scan pro-am for 

fragment analysis. Loss of heterozygosity we* defined^ 

of one allele detected In tumor amptioonsconparedwimbk)^ 

Proteomtc Anafyste-TCCa were minced Into smal pieces and 
homogenized In a small glass homogenlzer In 0.5 ml of lysis solution. 
Samples were stored at -20 *C unta use. The procedure for 2D gel 
electrophoresis has been described fn detail elsewhere (15, 16k Gels 
were stalriedwim silver ri^ 

W^wsre Identified by a combination of procedures that Included 

"^^J* 0 ^ ™» spectrometry, twp-tfmenstonal gel Western 
ffronurKblottk^ 

of human keiBtfrwcyte pro^ 
CGr^HybHdbattonc^ 
to normal metaphase <*rcnTosomea was psrformed as descnoed 
previously (ifj). Ruoreecelrv4abeled tumor DM 



labeled reference DNA (200 ngj, and human Cot-1 DNAQO uxA ware 

d 2^!l!L 3 L 0 2 aPP** *> denatured m>rfnaJ met, 

aphaso slides HyMotoH^ 

tti^slo^ wer^ counteret^ 

ny&Klo^ In an antHade solution. A second hybrklteation was per^ 
a^rretlpna detected o^ 



m*™*™* also kxfeded a normal control hybrkfeaflon using ftucre*- 
ceavartf Texas Red-labe^ 

used to Identity chromosomal regions with abnormal fluorescence 
ratios, indicating regions of DMA gains and losses. The average 
greercred fluorescence Intensity ratio profBes were calculated using 
*** ln ^? * each ctwon ^ 5C ^ (eight chromosomes total) with 
normateation of the greercred fluorescence Intensity ratio for the 
entire metaphase and. background correction. Chromosome Identifi- 
cation was performed based on 4,6<Pamlo^2^enyfinaoJe bend- 
ing patterns. Only Images showing uniform high Intensfiy fluores- 
cence with minimal background staining were analyzed. All 
centromeres, p arn^ erf 
matlc regions were excluded from the analysis. 

RESULTS 

Comparative Genomic tfybildtzaiton^lhe CGH analysis 
Identified a number of chromosomal gains and losses h the 
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Expression change cluster 



Expression change dusters 



Concordance 



10 Loss 



Expms^chongodustsri 



10 Up-regutotion 

0 DowrvreguJaiJon 
3 No change 

1 Up-regulatlon 

5 Powrwegulaaoii 



77% 
60% 



TUnor733v».335 
CGM 



10Qato. 8 UjMBgulatkxi 

OOcwrwegulatlon 
2 No change 

12 Loss 3Up-regulaflon 

2 Down regulation 
7 No change- ■ ■ 



8PH 
17* 



Concert^ Bg^ssten^^ • 



16 Up-reguJafion 
21 Dovrtwegdatton 



15 No change 



ITOato 

2 Loss 

3 No change 
13ain 



12 No change 

3 Loss 

9 No change 



09% 
38% 
60% 



17 Up-regulation 
9 DoyynHogulatfoii 
21 No change 



10GaJn 

5 Loss 

2 No change 
OGatrt 

3 Loss 

6 No change 
1Qato - . .. 
3 Loss 

17 No change 



689* 
3394 
3194 



twfrvastetum^ 

the two non-Invasive papillomas (stage pTa, TCCs 335 end 
532) showed onfc 9p~, 9q22-q33-, and X-, and 7+, 9q- F 
^nd Y-r, respectively. Both tayaatofijmoia shawed cjhan^es 
(1q22-24+, 2q14.lK|ter-, 3q12-q13.3-, 6q12-q22~, 
9q34+. 11q12*q13+, 17+< and 20q11.2-q12+) that are typ- 
ical for their disease stage, as well as additional alterations, 
some** which am shown in Fig. 1. Areas with gains and 
losses deviated from the normal copy dumber to some extent, 
and theaverage numerical deviation from normal was 0,4-fold 
In the case of TCC 733 and 0.3-foldfor TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 In TCC 733 (Fig. 1A) and 
20q12lnTCC827(Flg. 18). 

mRNA Expression h Motion to DNA C<w Number-lb* 
mRNAJevdafrom the two InvastyaJ^n^jicce 827 and 
*33) were cowpmecfwith the two non-frwashFecountenparte 
(TCCs 532 and 335% This was done In two separate experi- 
ments In which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule but scaling as a confounding parameter. Ap- 
proximately 1,800 genes that yielded a signal on the arrays 
were searched In the Unlgene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DNA copy number and relative mfiNA levels along the Indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level In 
tholnvasteve/susto 

represent chromosomal location of a gene, were odor-coded 
according to the expression ratio, and only difference larger 



than Wold were regarded esir^^ 
of genes along the chromosomes varied, arx) areas cttrrtabH 
ing only one gene were excluded from the cak*Matfons» Th» 
£30*&>n of the QGH method & vary tow^ and soma of the 
outlier data, may be because of the i^thatthe bouroteleeof 
the chromosomal abenatkms are not known at r^ 

Two sets of calculations were made from the data, Fbr the 
first set we used CGHatomrtto^ 

and estimated the frequency of expression alterations In these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
Increased mRNA expression. For example, both chromo- 
somes 1q21-q25, 2p and 9q, showed * relative gain of mora 
than 10094 In DNA copy number that was accompanied by 
Increased mRNA oxpi^on levels mtrw two tunw palm 
1). In most cases, ojTromoojrnal gains detected by CQH were 
accompanied by an Increased level of transcripts In both 
TCCs 733 (77%) and 827 (8094) (Table I, fop). Chromosomal 
tosses, on the other hand, were not accompanied by de- 
creased expression In several oases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The habl* 
Ity to detect RNA expression changes In these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
aJteratfons above 2-foW as the Independent variable and es- 
timated the frequency of CQH alterations In these areas. As 
above, we found that Increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 6994 and 
TCC 827, 59%), whereas reduced expression was often de- 
tected In areas with unaltered CQH ratios (Table I, bottom). 
Furthermore, as a control we looked at areas with no alter- 
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i 



.3* 



' 4 
A4* 



444. 



t.5 



• ••• 



not detected 



E*mstan chalet 



Expn iilon cfun9M 
not detected 



Tumor 827 vera* 832 Ttofalm^ " 



atton % expression. Mo alteration was detected, by OGH In 
most of these areas (TCC 733. 60% and TCC 827,81%; see 
Table t, bottom/). Because the ability to observe reduced or 
'"creased mRNA expression clustering to a certain chromo- 
somat area dearly reflected the extent of copy number 
changes^we plotted the maximum CGH aberrations In the 
regions showing CGH changes against the ability to detect a 
Changs In mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2)CCor both tumors TCC 733 to < 0.015) and 
TOO 827 (p < 0.00003) a highly significant correlation was 
observed between the level of CQH ratio change Reflecting 
the DNA copy number) and alterations detected by the array 
based technologylRg: 2> Smflar data were obtained When 
areas with altered expression were used as Independent vari- 
ables. ThesejBreas ctwslrted betf 
ratio deviated 1.6: to 2.0-foW {Table I, bottom) but mostly did 
not at tower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 60% reduction In expres- 
sion level, which Is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent. 

M/crosateff/re-oasecf Detection of Minor Areas of Loas- 
es-ln TCC 733, several chromosomal areas exhibiting 0NA 
amplification were preceded or followed by areas whh a nor- 
mal CGH but reduced mRNA expression (see Pg. 1, TCC 733 
chromosome 1q32, 2p21, and 7q21 and q32, 9q34, and 
10q22). To determine whether these results were because of 
undetected toss of chrwnosomal material In these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two mlcrosatellrts3 positioned at chro- 
mosome 1q26-32 and two at chromosome 2p22. Loss of 
rieterozygostty (LOH) was found at both 1q25 and at 2p22 
Indicating that minor deleted areas were not detected with the 
resolution of CGH (Rg. 3). Additionally, chromosome 2p in 
TCC 733 showed a OGH pattern of gain/no change/gate of 
DNA that correlated with transcript terease/decrease/irv 
crease. Thus, for the areas showing increased expression 
there was a correlation with the DNA copy nuniber alterations 
(Bg.1^ As hdtarted above, t^ 

me middle of the crwomosomal gain was because of LOH, • 
implying thai one of the mechanlsmj for mRNA down-regu- 
lation may be regions that have undergone smafiertosses of 
chromosomal material However, tNs cannot l» detected with 
the resolution of the CGH method, 

In both TCC 733 and TCC 827, the telomerie end of chro- 
mosome Hp showed a normal raflo In the CGH analysis: 
however, clusters of Ave and three genes, respectively, teat 
their expression. Two mtcrosatenites (D1 131760, 011S922) 
positioned close to MUC2, IGF2, and cathepsin D Indicated 
LOH as the most likely mechanism behind the toss of souse- 
slon (data not shown). 

A reduced expression of mRNA observed In TCC 733 at 
ctaornosomes 3q24, 11p11» 12p12£. 12q21.1, and 16q24 
and In TCC 827 at chromosome 11p15S, 12p11, 15q11.2 
and ^ 8c « 12 w aa also examined for chromosomal losses using 
mfcrosateHtes positioned as close as possible to the gene loci 
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^5f r °* atemto ^n** 81 * <*»©*» of betarozygoaiiy. T\*nor 
« JL?!^! 5 ^? 6 !^ 1 Wstpboinpatn)^ antigen Igm 

raimbeMI h np> ft and fed at cfwcm m njma gpoa hy Q?Sp^l *tm 

on Fig. l)andof^tumr8^ 

w 88 « netefoflygostty at chronttsome 18q12by S18S1118 
^toirtlodbon*^ 

* J"* 2*** wves 8how etoe^opherogram obtained 

^ DNA (0. m aH cases one aJtefe Is 
partially tost in the tumor anfpHcoa 

showing reduced mRNA transcripts. Only the mlcrosatelllte 
positioned at 18q12 showed LOH (Fig. 3), suggesting that 
transcriptional downnregulatlon of genes In the other regions 
may be controlled by other mechanisms. 

Relation between Changes In mRNA and Prvteln Levels- 
2D-PAGE analysts, In combination with Coomassle BrIIBant 
Blue and/or silver staining, was carried out on aH four tumore 
using fresh biopsy material 40 well resolved abundant known 
proteins migrating In areas away from the edges of the pH 



. C 0 

4MU » 



: o 

liil • 



XL 



pmtefti 



pretafri 



na.4. Corretetton between protein irate a* fudged by 2D- 
^andba« sator, «B»IVoornpj^ 
three groups, unaltered to level or up- or dowiHegulated (toitentel 
«*1 The mflW rate a dotenrtried by dto«Ndaoid»attM»WM 
plotted tor each gem (rartfcaf arte). A. mRNAs (tat were scored as 
preseMhbolh tumors used tor the ratio cateUaft^ A,rnfiNAethat 
w^sooredasBhserrttothetavasfw ' 
ss absent In norHwaaivs reference (top of taureV Two <finW# 
era^^usodtoflocckKtescaangasaoonfoUKJer.^.™ 
and 832 UA)vrere seated with background arareestori and TCC» 
733 and 33S ftC) were scaled Zt siipprtSoa^^omoS 
sonsshosred WgWy significant to < O^dHhraneMtonMIAnSbe. 
between the groups Proteins shown were as Wows: Group A a^m 
^phoe phog)uooni utaa^. J p^^ transferase rtirnji m mtm 
4, tetty acW-Wnding protein homotogue. cytokeratkt 18, and cvto- 
keraan 13; B (from tefl), fatty ackM*Kfing protetalnmaldgue. 2&Mta 
heat shock protein cytoksratfn t3>andcsjo^C4k«rn^aIwi£. 
las* hnRNP B1. 28-kDa heat shook profs*, 14^H^Tand 
pm-fliRNA splicing factor; D, mesotheM keratin K7 (typo |fc £ from 
top), glutathione S-transferase-n-and mesotheBal keratin K7 (type, life 



keratin 19, calgtzzarin. phosphoglycerate mutase, annaxin rv. cv>- 
todketetaJ TKrctln. hnRNP At. integral membrane protein calnwh 
flP9(fc hnRNP H. brain-type dathrtn Ught chairwvrnfiNP F. 7D-kD« 
heal shock protein, heterogeneous nudeer *onocleorW^riA«L 

phato dehydrogenase, karat* 8, aldehyde re*«teW»rlNaj£ 
AlPase /M suburb O, (from top and ML TCP20. catrtoata70- 
kDa heel shock jarotsln. caJnexm. hnRN» H, cytokaS^a/ATP 
syrtr^kerafin ia,trtosephosphateborn9rase, hnRNP F.tortfyc- 
«raWehy«e*iJhoeph*ase dehydrogenase. gtutsWone S^IaISSw 
ase-^ and keratin 8; H (from fen^, p4asma geteoBa airtoanBgen crf- 

detiydmganase; r (from topi prolyl 4-hydroxytasa ^eubu^ cyto- 
kerato 20, cytokeratm 17, prohibition, and fructo?T^r*o£ 
phateset J annaxin il; K, annaxin IV; L (from ftp and left 9frWateat 
shock protein, prolyl 4^ydroxylasa ^subunfl, *endasAQR P 
cyclophiitn, and cofffln. ^ 

gradient, and having a (drawn chromosomal location, were 
selected for analysis In the TCC pair 827/632. Protehs were 
Identified by a combination of methods (see "Experimental 
Procedures'). In general there was a highly significant corre- 
lation (p < 0.005) between mRNA and protein alterations ffTg. 
4). Only one gene showed disagreement between transcript 
afteratlon and protein alteration. Except tor a group of cyto- 
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fta £ Comparison of protein and t ranscr i pt levels In 
and non-kwastv* TCCs; Toe iw^pfttotmeflgureshbwsaaDgel 

aid the Qflbociuoteticto 
gtos on the war get MghQght the areas that «« conpmd below. 
Identic* areas of 2D gob of TCC* 892 and 827 0* shown below. 
Ctearfy. cytofcoraflns IS and 15 are strong* dowrvre^uiatod In TCC 
827 fred annotation Tha tfle on the array containing probes for 
cytofcmfin.16 Is enlarged below the array (nedam^ from TCC 532 
and l» oomparad wiltvTCC 827, Tb&uppacrow of squares Jaeach trie 
corresponds to perfect match prober the tower row corresponds to 
mismatch probes containing a mutation (used for correction for un- 
specfflc binding. Absence of signal Is depleted as black, end the 
higher th* signal the Ighter the color. A Wgh transcript level was 
detected to TCC 532 (8161 unftsi whereas a much lower level was 
detected oi TCC 827 (absence of signals)* For cytokeratfn 13» a high 
transci1pt?Jev*l was also presents TCC 032 (15659 unto* and a 
much lower level was present In TOC 827 (623 units). The 2D geis at 
the bottom of the figure Qefy show levels of PA-FABP and adBpocyte- 
FABP In TCCs 335 and 733 (frtvastve), reepecth^ Bom proteins are 
down-regulated In the Invasive tumor. To the #^ we tfiow the array 
tfles for the PMttBP transcript A medhsn transcript lev^ w^s de- 
tected In the case of TCC 335 (1 277 units) whereas very low levels 
vw ejected in TCC 7» a 68 unit* ^ # is^^ 



keratins encoded by genes 011 chromosome 17 (Rg. 5) the 
analyzed proteins did not belong to a particular famRy. 26 weO 
focused proteins whose genes had a know ctornosornai 
location were detected In TCCs 733 and 335, and of these 19 
chelated (p < 0.005) with the mRNA changes detected using 
the arrays (Fig, 4). For example, PA-FABP was. highly ex- 
pressed In me non-invasive TCC 335 but lost In the Invasive 
counterpart (TCC 733; see Rg. 5). The smaller number of 
protein* detected ih both 733 and 335 was because of the 
smaller size of the biopsies that wore available 

Tf cJromxwo^ where GQH show^abermttorw 
that corresponded to the changes In transact levels also 
showed corresponding changes in me proteto level (Table II). 
Tljese regions Included genes that encode proteins that are 
found to be frequently altered In Madder cancer, namely 
eytDkerattr* 17 and 20. armexKns II and IV, and the fatty 
adeHtfndlngpr^^ 

terns were encoded by gene* to chromosome 17c*, a fre- 
quently ampifficft chromosomal" area In Invasive Bfedtfer 
cancera. 

DISCUSSION 

Moat human cancers have abnormal DNA contort, havir* 
lost scHTiechromoscmnal parts and gained others. The present 
study provides some evidence as to the effect of those gains 
and tosses 00 (isne egares^on to two jwirs of nqrHnysBfve 
and Invasive TCCs using high throi^put expression arrays 
and proteomJcs, In combination with COR In general, the 
results showed mat there Is a clear toiMdual regulation of the 
mRNA expression of single genes, which In some cases was 
superimposed by a DNA copy number effect Inmost cases, 
genes located In chromosomal areas with gains often exhib- 
ited increased mRNA expression, whpreas areas showing 
losses showed either no change or a reduced mRNA expre*- 
start The latter might be because of the feet that losses most 
often are restricted to loss of one aBela, and the cut-off point 
for detection of expression alterations was a 2-foW change, 
thus being at the border of detection. In several cases, hovr- 



.Table II 

h^rmr^^^ wtth boih mfWA end gene dose change* 



Chromosomal location Tumor TCC CGH alteration Tra nscript alteration* Protein alteration 
Annexln H — -~— — 

AnnexInlV 
Cytoksratin 17 
Cytokeratin 20 
tPA*)FABP . . 

FBPf 

Plasma geisoUn 
H<^ shock protein 28 
ProHbWn 
PrdyM4iydroxyl 
hnRNPBI 

* Abs, absent; Pre 

* In cases where the corresponding altemttoiw were Ibund In both 



1q21 


733 


Gain 


Abs to Pres* 


Increase 


2p13 


733 


Gain 


3.9-FokJup 


Increase 


17q12~q21 


827 


Gain . 


33-Fold up 


Increase 


17q21.1 


827 


Gain 


5.6-Fold up 


Increase 


8q21.2 


827 


Loss 


10-FoWdown 


Decrease 


9q22 


827 


Gain 


2^Foldup 


Increase 


9q31 


827 


Gab) 


AbetoPres 


•Increase 


15q«-q13 


827 


Loss 


2*5»Fotd up 


Decease 
Increase 


17q21 


827/733 


Gain 


3.7V2.W=old up* 


17q25 


827/733 


Gatan * 


5>-/1,e-Fotdup 


increase 


7p15 


827 


toss 


2£-Fc4d down 


Decrease 



Molecular £ Cellular Proteomlcs 1.1 43 



Qeno Copy Numbers, Transcripts, and Protein Levels 



ever, an increase or decrease In DMA copy number was 
associated with do no vo occurrence or complete loss of tran- 
script, respectively. Some of these transcripts could not be 
detected In the non-Invasive tumor but were present at rela- 
tively Wgh levels In areas with DNA amplifications In the Inva- 
sive tumors (e.g. In TCC 733 transcript from cellular llgand of 
aimexto II gene (dwmosome 1q21) from absent to 2670 
arbitrary Units; In TCC 827 transcript from small pro8ne-rfch 
protein 1 gene (chromosome 1q12~q21*1) from absent to 
1328 arbitr ary units), tt m ay be anticipated from these data 
thrtslgntfteuftiaustertr^ 

don to a certain chromosomal area incficafes an increased 
IBcelihood of gain of chromosomal material In this area. 

Considering the many possible regulatory mediartfscne^ 
mg at the level of transcription, ft seems striking that the gene 
dose effects were so clearly detectable h gained areas* One 
hypothetical explanation may Be In the toss of controlled 
methylatfon tfi tuhw 
th&lTdirornosorr^ 
orrrw)maMeecouldbedemeth^ 
to a higher transcription level, whereas In chromosomes with 
tosses the remaining aflei e coukj be parity methylated, turning 
off the process (20, 21). A recent report has documented a 
pbidyreguteitonofgenee) 

the genes were present In the saroeTatio<22), a situation that Is 
xiot analogs*© ta Jhat of <anser_cefe, A tof nrtci 
chromosomal aberrations, as wefi as gene dosage effect* 

Several CQH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring In more than 1 
of 3 tumors- tn pTa tumors, these Include 9p- Qq-,1 q+, Y- 
& Q. and<lr*pT1 tumors, 2q-,1 1p- f 11q- f 1q+, 5p+, Sq+, 
17q+, and 20q+ £-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p<~ and 9q22-q33- and 
9q- and respectively, IJftewise, the two mWmai Invasive 
pTI tumors showed aberrations that are commoory seen at 
that stage, andTCC S27 had aierrwkabtereserr^lancetothe 
commonty seen pattern crosses and gains, such as 1qg&?4 
' amplification (seen In both tumoasfc *iqt4-q22 less/the latter 
. often Bnked to 1 7 q+ (both tumoral and 1q+ and 9p-, often 
linked to 20q+ and 11 q13+ (both tumors) (7-^ These ob- 
servations Indicate that the pairs of tumore used In this study 
exhibit chromosomal changes observed In many tumors, and 
therefore the findings could be of general Importance for 
bladder cancer. 

Considering that the mapping resolution of CQH is of about 
20 megabases It Is only possible to get a crude picture of 
chromosomal Instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with Increased cow numbers* Analysis of these regions 
by positioning heterozygous mlcrosateOltes as close as pos- 
sible to the locus showing reduced gene expression revealed 
' loss of heterozygosity In several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use of cDNA mkaroarrays for analysis of DNA 
copy number changes wiP reach a resolution that can resolve 
these changes, as has recently bwn proposed ®.Tr» outlier 
data were not more frequent at the boundaries of tho CQH 
aberrations. At present we do not know the mechanism be* 
hind chromosomal aneuploldy and cannot predict whether 
chromosomal gains wDI be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic Imprinting has 
an Impact on the expression level In normal cells and la often . 
reduced In tumors. However, the relation between Imprinting 
and' gain- o f chromosomal ma t eria l I s not Known.- - : - - 
We regard It as ^strength of this investigation thai we were 
able to compare Invasrvetunwretoben 
tonorjTtdurothdli^ 

very close, aid probably may represent successive steps In 
the progression of bladder canw. Desf^ the limited anx^ 
of fresh tissue available ft was pos^bletoapprythrwdmer^ 
state of the art methods. The observe porr^latJoo betwoen 
DNA copy number and mRNA expression b remartcabler wften 
one considers that different r^ecesof the tumbrbtopsfea warn 
used for the efferent sets of experimer^ ttto Incflcato thai 
bladder tumors are relatively homogenous, a notion recently 
supported by CQH and LOH data thai showed a remarkable 
similarity even between tunx>rsarKJdtetartmet^asJa(10,23^ 
tn the few cases analyzed, mRNA, and protein levels 
showed a jsrtrtdng wrresppr^ence although in soma eases 
we found discrepancies that may be a^krted to translator*! 
regulation, postrtransteitkml processing, protein degrada* 
tiorv or a combination of these. Sorrw transcripts belong to 
undertranslated mRNA pools, which are associated with taw 
translationaity Inactive rlbosomes; these pools, however, 
seem to be rare £4). Protein degradation, for example, may 
be very important In the case of polypeptides with a short 
halMtfe (o-g. signaling proteins). A poor correlation between 
mRNA and protein levels was founfr in Over cells as deter* 
mined by arrays and 2D-PAGE (25), and a moderate correte- 
ttoi« was recentiy reported by Ideker etaL £0) En yeast 

Interestingly, oi* study revealed a much better correlation 
between gained chromosomal areas end incased mRWA 
levels than between loss of chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change In transcript One possible 
explanation could be that by losing one allele the change In 
mRNA level Is not so dramatic as compared with gain of 
material, which can be rather unlimited and may lead to a 
severalfold Increase In gene copy number resulting (n a much 
higher impact on transcript level. The latter would be much 
easier to detect on the expression arrays as the cut-off point 
was placed at a 2-fold level so as not to be biased by noise on 
the array. Construction of arrays with a better signal to noise 
ratio may In the future allow detection of lesser than 2-fold 
alterations In transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on trarv 
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to eleven casea we found a 
DNA copy number, mRNA expression, and protein level Four 
erf these proteins were encoded by genes located at a fre- 
quently amplified area In chromosome 17* Whether DNA 
copy number 13 one of the mechanisms behind alteration of 
these eleven proteins Is at present unknown and will have to 
be proved by other methods using a larger number of sam- 
ples. One factor making such studies complicated Is the large 
extort of protein modification that occurs after translation, 
requiring ImmunoldentHlcation and/or mass spectrometry to 
corr ec tl y fc to M y ^ira^^ - - — — — 

In condustot\ the results presented in thb study exemplify 
tha large body erf knov^ 
meflitirob^comblnbgstateof 
the pathway from DNA to protein ^ Here, we used atrad- 
tkmaJ chrornosomaJ CQH method, but to the future high reso- 
lutkwCGH ba$ed on mkzoarrays with many thousand racBatfon 
tybrld-iri^^ 
tiomfctlvtmom 
expeesston arrays 

known locations, and 2D gel analysis to obtain Wbcmatton at 
the posMranstefional level, a dearer and' more developed un- 
derstanding of the tumor genome wfll be forthcoming. 
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ABSTRACT* 

Genetic changes underlie tumor progression and may lead to cancer- 
specific expression of critical genes* Over 1100 publications have de-. 
; scribed the use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations In cancer, but very few of the genes 
affected are known. Here, we performed high-resolution CGH analysis on 
cDNA microarrays In breast cancer and directly compared copy number 
and mRNA expression levels of 13,824 genes to quantitate the impact of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 Independent ampUcons, ranging In size from 0J to 12 
Mb, Throughout the genome, both high* and low-level copy number 
changes had a substantial impact on gene expression, with 44% of the 
highly amplified genes showing overexpression and 10.5% of the highly 
overexpressed genes being amplified. Statistical analysla with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene, amplification. TJiese 
included most previously described amplified genes in breast cancer and 
many novel targets for genomic alterations, Including the BOXB7 gene, 
the presence of which in a novel amplicon at 17q2i3 was validated In 
10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpression Is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
riesi some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re> 
rnainedj. elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains h^tedr 5 ^ ' ** 

Accumulation of genetic defects is thought to underlie die clonal ■ 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets , for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 and EGFR (7 t 8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, oyer 
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Fig. 1. Impact of gene copy number on global gene expression levels. A. percentage of 
over- and underexpresseQVqgenes (Y axis) according to copy mrmbCr*srattos QC axU\ 
Threshold values used for over- and underexpressfon were >Z184 (global upper 7% of 
the cDNA ratios) and <0.4S26 (global lower 1% of the expression ratios). B t percentage 
of amplified and deleted genes according to expression ratios. Threshold values for 
Mnplirlcirtion and taction were > 1.5 and <0.7. 



20 recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH 5 (9, 10).. However, these amplicons are often 
large arid poorly defined, and their impact on gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or maintenance of the mnlifo am phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays. to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes whose mRNA expres- 



5 The abbreviations used are: CGH, comparative genomic hybridization; FISH, fluo- 
rescence in situ hybridization; RT-PCR, reverse transcription-PCR. 
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sibn is most significantty associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND METHODS 

Breast. Cancer GeH lines. Fourteen breast cancer cell lines (BT-20, BT- 
474, HCC1428, Hs5W, MCF7, MDA-361, MDAr43.6, MDA-453, MDA-468 
SKBBW, T-47D, UACC812, ZR-75-1, and ZR-75-30) were obtained from the 
American Type Culture Collection (Manassas, VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Mfcroarrays. The 
pr^aradon and printing of the 13,824 cDNA clones on glass slides were 

formed as described (1 1-13). Of these clones, 244 represented uncharac- «"v«"wiuon was oorreiaiea wim gene expression using the signal 
terized expressed sequence tags, and the remainder corresponded to known^ ^ 8t ^ s . tic8 We ^culated a weight, w r for each gene asjbllows: 
genes. CGH experiments on cDNA mjcroarrays were done as described (14, 

15). Briefly, 20 p.g of genomic DNA from breast cancer cell lines and normal m^.-rn^ 
human WBCs were digested for 14-18 h with AM and RscH (Life Technol- w »" g-, + „ ' 

ogies, Inc., Rockville, MD) and purified by phenol/chloroform extraction. Six 
Mg of digested cell line DNAs were labeled with Cy3-dUTP (Amersham 
Pharniacia) and normal DNA with CyS^dUTP (Amersham Pharmacia) using 
the Bioprime Labeling kit (Life Technologies, inc.). Hybridization (14, 15) and 
posthybridization washes (13) were done as. described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stratagene, 
La Jolla, CA) was used in all experiments. Forty jig of reference RNA were 
labeled with Cy3-dUTP and 3.5 jig of test. rhRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on rmcroarrays as described (1 3, 15). For both 
rnicroarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target 
locations using the DEARRAY software (16). After background subtraction, 
average intensities at each clone in the test Irybridization were divided by the 
average intensity of the corresiwnding clone m the control hybridization. For 
the copy number analysis, the ratios were normalized on the basis of the 
distribution of ratios of all targets on the array and for the expression atiarysis 
on the basis of 6*8 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (ie., copy number data with mean reference 
intensity <100 fluorescent units, and expression data with both test , and 
reference intensity <100 fluorescent units and/or with spot size <50 units) 



were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define outpoints for increased/ 
decreased copy number. Genes wim CGH ratio >1.43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <0:73 (representing the lower 5%) were considered to be 
deleted. 

Statistical Analysis of CGH and cDNA Mieroarray Data. To evaluate 
the influence of copy number alterations on gene expression, we. applied the 
following statistical approach, CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across all 14 cell lines were 
median centered. For each gene, the CGH data were represented by a vector 
that was labeled 1 for amplification (ratio, >M3) and 0 for no anmlificanon. 
Amplification was correlated with gene expression using the signal-to-noise 



where m gU tr sl and denote the means and SDs for the expression 

levels for amplified and nonamplified cell lines, respectiveiy. To assess the 
statistical sigmficance of each weight we performed 10,000 random permu- 
tetions of the label vector. The probability that a gene had a larger or equal 
weight by random permutation than the original weight was denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization of cPNA Clones and Amphcon Mapping. Each 
cDNA clone on the rnicroarray was assigned to a Unigene cluster using the 
Unigene Build 141. 6 A database of genomic sequence alignment mfbrmation 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of California Santa Cruz's GoldenPath database. 7 The chromosome and 
bp positions for each cPNA clone were then retrieved by relating these data 
sets. Amplicons were defined as a CGH copy number ratio >10 m at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones m a single cell line. The amplicon start and end positions were 



6 Internet address: totp7/rescarch.nhgri nth ^/mlcaoarray/downloadable, 

7 Internet address: www.genome.ucsc.eda. ' 
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Table ! Summary of Independent amplicons in J4 breast cancer cell tines by 
' CGH microarray 



Location 



Start (Mb) 



Ip13 
Iq21 
lq22 
3pl4 

7pl2J-7pll.2 

7o31 

7q32 

8q2l.IMq21.l3 
8q213 

8(j233-«q24J4 

8q24.22 

9pl3 

i3^22-q31 

16^22 

17qll 

17q2U2-q2U3 

I7(J22^j23J 

17q23J-q243 

19qt3 

20qlK22 

20ql3.12 ■ 

20ql3.12-ql3.1T 

20ql3^ql3J2 



End (Mb) 



Size (Mb) 



13X79 
173.92 
179.28 
71^4 
5S.62 
125.73 
140.01 
86.45 
98.45 
129.88 
.1*121 
38.65 
77.15 
86.70 
"29 M 
39.79 
52.47 
63.81 
69.93 
40.63 
.34.59 
44.00 
46.45 
5132 



132^4 
177,25 
179.57 
74.66. 
60.95 
130.96 
140.68 
92.46 
103.05 
142.15 
152.16 
.39.25. 
8U8 
87.62 
30.85 
42.80 
55.80 
69.70 
74.99 
41.40 
35.85 
45.62 
49.43 
59J2 



0.2 
33 
03 
Z7 
53 
5.2 
0.7 
6.0 
4.6 
123 
1.0 
0.6 
42 
W9 
1.6 
3.0 
33 
5.9 
5.1 
0.8 
13 
1.6 
3.0 
7.8 



extended to include neighboring nonamplified clones (ratio, <\S). The am- 
plicon size determination was partially dependent on local clone density. 

FISH. Dual-color interphase FISH to breast cancer cell lines was done as 
described (17). Bacterial artificial chromosome clone RP1 1-36 1K8 was la- 
beled with SpectrumOrange (Vyirfs, Downers Grove, EL% and Spectrum^ 
Orange-labeled probe for EGFR was obtained from Yysis. SpectrumGrecn- 
labeled chromosome 7 and 17 centromere probes (Vysfe) were used as a 
reference. A tissue microarray containing 612 fonnalin-fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
- 0 8). The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by me NIH. Specimens containing a 2-ifbld or higher 
increase in the number of test probe signals, as compared with corresponding 
centromere signals, in at least 10% of the tumor cells were considered to be 
amplified.. Survival analysis was performed using the Kaplan-Meier method 
and the log-rank test 

RT-PCR. The HOXB7 expression level was determined relative to 
GAPDH. Reverse transcription and PCR amplification were performed using. 
Access RT-PCR System (Promega Corp., Madison, WI) with 10 ng of mRNA 
as a template. HOXB7 primers were 5'-GAGCAGAGGGACTCGGACTT-3 ' 
and S'-GCGTCAGOTAGCGATTGTAO-S'. 

RESULTS 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH microarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed (*>., belonged to 
the global upper 7% of expression ratios), cornpared with only 6% for 
genes with normal copy number levels (Fig. 1 A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy number (Fig. IB). Low-level copy number 
increases and decreases were also associated, with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout me genome 
was 267 kb; This nigh-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to- 12 Mb of DNA (Table 
I). Several amplification sites detected previously by chromosomal 



CGH were validated, with lq21, 17ql2-n2L2> 17q22^q23» 20ql3.1 
and 20ql3.2 regions being most commonly amplified. Furthermore' 
the boundaries of these amplicons were precisely delineated. In ad- 
dition, novel amplicons were identified at 9pl3 (38.65-39 25 MbV 
and 17q213 (52.47-55,80 Mb). * . • 

Direct Identification of Putative Amplification Target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression data on a gene-by-gene basis 
throughout the genome. We directly annotated hi^i-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20ql3 were highly overex- 
pressed. A view of chromosome 7 in the MDA-468 cell ^ 
implicates EGFR ai me most highiy overexposed and anipMed 
gene at 7pll-pl2 (Fig. 3^). In BT-474, the two known amplicons 
at 17ql2 and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 35). In addition, several genes, including the 
homeobox genes HOXB2 and HOXB7, were highly amplified in a 
. previously undescribed independent ampiicpn.atl7q2i.3. HOXB7 
systematfcdty 2B t inseii 

as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474, UACC812, and ZR-75-30 cells. Furthennore, this novel 




■ww>ij,.- 




Pig. 3. Annotation of gene expression data on CGH microarray profiles. A, genes in the 
7pll-pl2 amplicon in the MDA-468 cell line are highly expressed (red dots) and include 
the EGFR oncogene. B, several genes in the 17ql2, 17q2U, and 17q23 amplicons in the 
BT-474 breast cancer cell line arc highly overexpressed (red) and include the HQXB7 
gene. The data labeU and color coding are as indicated for Fig, 2C Insets show 
chromosomal CGH profiles for the corresponding chromosomes and validation of the 
increased copy number by interphase FISH using EGFR (red) and chromosome 7 
ceimomere probe (green) to MDA-468 (i) and HOXB7-mriti& probe (red) and ( 
mosome 17 ce ntromer e (green) to BT-474 cells (8). 
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amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microamy and was associated 
with poor prognosis of the patients (/» = 0 001) 
Statistical Identification and Characterization of 270 Highly 
?T to . StattsHcal comparison of expres- 

sion levels of all genes as a function of gene amplification identified 
HQ genes whose expression was significantly influenced by copy 

tag to the gene ontology data," 91 of the 270 genes represented 
hypotoeticnl proteins or genes with no functional annotation, whereas 
*7v* octattd *«"*w»l information available. Of these, 151 
(84/.) are Implicated in apoptosis, cell proliferation, signal transduc- 
hon, ^ transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



* toltntst addtesj; httpyAvww.geneofllotogy.ot8f. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >1000 publications applying CQH» (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic and 
molecular genetic studies. The effects of these somatic genetic- 
changes on gene expression levels have remained largely unknown 
although a few studies have explored gene expression changes occur- 

•f m ^ ifiC ,mpliCOnS ( ' 5, '. 9 - 2, >- Here ' w « W'ied genome- 
wide cDNA m,croarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
m breast cancer. B 

The o mall I impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in the case of high- 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expressipn levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulation of gene expression patterns in 
cancer may be equally important if not more important than mat of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence 00 many genes. Our results in breast cancer extend the recent 
studies on me impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24). 

The CGfl TOcroarnry analysis identified 24 independent breast 
cancer amplicons. We defined the precise boundaries for, many am- 
plieons detected previously by chromosomal CGH (?, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons; One of these novcsi amplicons 
involved the homeobox gene region at 17q213 and Jed to the over- 
expression of the HOXB7 and HOXB2 genes. The homeodomain 
transcription factors known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 trahsfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
tumorigenicity and angiogenesis in breast cancer (29-32), The pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest mat 
HOXB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification With poor prognosis 
of the patients. .. 

We carried out a systematic search to identity genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. /Statistical analysis revealed 270 such genes 
(representing ~2% of all genes pn the array), including not only 
previously described amplified genes, such as HER-2, MYC, 
EGFR, ribosomal protein s6 kinase, and AIB3, but also numerous 
novel genes such asNRA&relatedgene (lpl3), syndecan-2 (8q22), 
and bone morphogenic protein (20ql3.1), whose activation by 
amplificati<m njay similarly promote breast cancer progression. . 
Most of the 270 genet have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we. demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: {a) evidence of a 
prominent global influence of copy number changes on gene 
expression levels; (b) a high-resolution map. of 24. independent 
amplicons in breast cancer; and (c) identification of a set of 270 
genes, the overexpression of which was statistically attributable to 
gene amplification; Characterization of a novel amplicon at 
17q21.3 implicated amplification and overexpression of the 
HOXB7 gene in breast cancer, including a clinical association 



6244 



between HOXB7 amplification and poor patient prognosis. Overall 
our results illustrate how the identification Of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development 
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Microarray analysis reveals a major direct role of 
DNA copy number alteration in the transcriptional 
program of human breast tumors 
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Genomic DNA copy number alterations are key genetic events in 
the development and progression of human cancers. Here we 
report a genome-wide microarray comparative genomic hybrid- 
ization (array CGM) analysis of DNA copy number variation In 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6.691 mapped human genes, in 44 
predominantly advanced; primary breast tumors and 10 breast 
cancer cell lines. While the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene> mapping of amplkon boundaries and 
the quantitative analysis of ampttcon shape provide significant 
improvement In the localization of candidate oncogenes. Parallel 
microarray measurements of mRNA levels reveal the remarkable 
degree to which variation In gene copy number contributes to 
variation In gene expression in tumor ceils. Specifically, we find 
that 62% of highly amplified genes show moderately or highly 
elevated expression* thatDNA cc^ "Amiber Influer^s gene ex- 
pression across a wide range of DNA copy number alterations 
(deletion, low-, mid- and high-level amplification), that on average, 
a 2-fbW change in DMA copy number associated with a corre- 
sponding 1.5-fold change in mRNA levels, and that overall, at least 
12% of a0 the variation In gene expression among the breast 
tumors Is directly attributable to underlying variation in gene copy 
number. These findings provide evidence that widespread DMA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer. 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1), have led to the Identifi- 
cation of a number of recurrent regions of DNA copy number 
alteration in breast canter ceifelines and tumors (2-4). While 
some of these regions contain known or candidate oncogenes 
[e.g^ FOFRt (8pll), MYC (8g24), CCND1 (ilql3), ERBB2 
(17q12), and ZNF217 (20ql3)j and tumor suppressor genes 
[RBI (I3ql4) and TP53 <17pl3)J, the relevant gene(s) within 
other regions (e.g,, gain of lq, 8q22, and 17q22-24, and loss of 
8p) remain to be identified A high~resolution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations in tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because we had measured mRNA levels in parallel in 
the same samples (S% using the same DNA microarrays, we had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression^ From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. 

Materials and Methods 

Tumors and Cell Lines, Primary breast tumors were predominantly 
large (>3 cm), intermediate-grade, infiltrating ductal carcino- 
ses, with more thto$fol>eing lymph node positive. The 
fraction of tumor cells within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1, which is published as supporting 
information on the PNAS web site, www:pnaslorg. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform extraction 
followed by cthanol precipitation. 

DNA Labeling ami Microarray Hybridizations. Genomic DNA label- 
ing and hybridizations were performed essentially as described 
in Pollack etaL (7), with slight modffications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly, 'Test** DNA 
(from tumors and ceil lines) was f luorescentiy labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6,691 
different mapped human genes (i.e^ UniGene clusters). The 
"reference" (labeled with Qr3) for each hybridization was nor- 
mal female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 



Data Analysis and Map Positions. Hybridized arrays were 
on a GenePix^canner (Axon Instruments, Foster Oty, CA), and 
f hiorescence ratios (test/reference) calculated using scan alyzk 
software (available at http://ranaJbl.gov). Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence ratio for all array elements equal to a Measure- 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable. DNA copy number profiles 
that deviated significantly from background ratios measured in 
normal genomic DNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Abend Fluorescence Ratios in the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5-nearest neighbors). 
Map positions for arrayed human cDNAs were assigned by 



Abbreviation: CGH. comparative gerwrnk hybridization. 
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oma^fi^irfiMi^tm*^ #4fT ^'^"^ ^"^T^JJJ?^^?'^ breast tumors, each row represents a different cell line or tumor, and each column ^presents 

9 *x fluoresce*** ratios (test/reference) are depicted using a logrbased pseudocolor scale (Indicated), such that red luminescence reflects 
^mplWcatlo^ green tumescence reflects fokWeletlon. and black Indicate, no change (gray Indicates poorly measured data). (6) sXged*£ oTdSa 
copy number profiles across the X chromosome, shown for cell lines containing different numbers of X chroWomes. 



identifying the starting position of the best and longest match of 
any DNA sequence represented in the corresponding UniGene 
cluster (10) against the "Golden Path" genome assembly 
(http://genome.ucsc.edu/; Oct 7, 2000 Freeze). For UniGene 
clusters represented by mujtj^arrajed elements, mean fluo 
rescence ratios (for all elements representing the same UniGene 
cluster) are reported. For mRNA measurements, fluorescence 
ratios are "mean-centered" (ie„ reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety in the supporting information. 

Results 

We performed CGH on 44 predominantly locally advanced* 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA rnicroarrays containing 6,691 different mapped human 
genes (Fig. la; also see Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://genome.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themselves represent genes of potential interest (e.g^ 
candidate oncogenes within amplicons), but also provide precise 
genetic landmarks for chromosomal regions of amplification and 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chromosomes (Fig. \b), as we did before 
(7), demonstrated the sensitivity of our method to detect single* 
copy loss (45, XOX and IS- (47,XXX), 7r (48.XXXX), or 
Z5-foid (49,XXXX£) gains (also see Fig. 5, which is published 
as supporting information on the PNAS web she). Fluorescence 
ratios were linearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident in both the breast cancer cell lines and primary tumors 
(Pig. la), detected in the tumors despite the presence of euploid 
non-tumor cell types; the magnitudes of the observed changes 
were generally lower in the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readily iden- 
tifiable* For example, gains within lq, 8q, 17q, and 20q were 
observed in a high proportion of breast cancer cell lines/tumors 
(9Q%/69%, 100fc/47%, 100%/60%, and 90%/44%, respective- 
ly), as were losses within lp, 3p, 8p, and |3q (80%/24%. 
80%/22%, 80%/22%, and 70%/18%, respectivery), consistent 
with published cytogenetic studies (rets. 2-4; a complete listing 
of gams/losses is provided in Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 
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Fig. 2. DNA copy number alteration across chromosome 8 by array CGH. (a) ONA copy number profiles are illustrated for cell tines contalntng different numbers 
of X chromosomes, for breast cancer cell lines, and for breast tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering to 
highlight recurrent copy number changes. The 241 genes present on the mlcroarrays and mapping to chromosome 8 are ordered by position along the 
chromosome, fluorescence ratios (test/reference) are depicted byaiogj pseudocolor scale OncUcatedX Selected genes are Indicated w?mcc4or-coded text (red. 
Increased; green, decreased; black, no change; gray, not well measured) to reflect correspondingly altered mRNA levels (observed In the majority of the subset 
of samples displaying the DNA copy number change). The map positions for genes of Interest that are not represented on the microarrey are indicated In the 
row above those genes represented on the array, (b) Graphical display of DNA copy number profte for breast cancer ceil tine SKBR3. Fluorescence ratios 
^mor/non»at) are plotted on a 1^ 



number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P = 
0.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P » 0,04), and harboring TP53 mutations (P - 
0.0006) (see Table 4, which is published as supporting informa- 
tion on the PNAS web site). 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
uncharacterized oncogene (Fig. 2a). The complexity ofampficon 
structure is most easily appreciated in the breast cancer cell line 
SKBR3. Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 26). For each of these regions we can define the 



boundaries of the interval recurrently amplified in the tumors we 
examined; in each ease, known or plausible candidate oncogenes 
can be identified (a description of these regions, as well as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
round in Figs. 6 and 7, which are published as supporting 
information on the PNAS web site). 

For a subset of breast cancer cell lines and tumors (4 and 37, 
respectively), and a subset of arrayed genes (6,095), mRNA 
levels were quantitatively measured in parallel oy using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DNA copy number changes. For 
example, the highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes within an ampli- 
con. Perhaps more significantly, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong Influence of DNA copy number on gene expression 
is evident In an examination of the pseudocolor representations 
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Hg. 3. Concordance between DMA copy number and gene expression across chromosome 17. DMA copy number alteration {Upper) and mRNA levels (lower) 
are illustrated lor breast cancer cell lines and tumors. Breast cancer cell lines and tumors are separately ordered by hierarchical clustering (Ifaper), and the 
Identical sample order is maintained Clower). The 354 genes present on the mkroarrays and mapping to chromosome 1 7, and for which both DMA copy number 
and mRNA levels were determined, are ordered by position along the chromosome; selected genes are Indicated In color-coded text (see Rg. 2 legend), 
nuorescence ratios (test/reference) are depicted by separate jog* pseudocolor scales (Indkated)- 



of DNA copy number and mRNA levels for genes on chromo- 
some 17 (Fig. 3). The overall patterns of gene amplification and 
elevated gene expression axe quite concordant; Lt\, a significant 
fractk5h of nighty amplified genes appKsfrjto be^eorresporidingly 
highly expressed, tie concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5, which 
is published as supporting information on the PNAS web she) 
are found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4). 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) are 
also associated with corresponding alterations in mRNA levels, 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4a). For both the 



breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five classes, in a 
statistically significant fashion (P values for pair-wise Student's 
. f tests comparing adjacent classes: cell lines, 4 x 10" 4 * 1 x 10" 49 , 
5 x VS^y 1 X NT*; tumors i x l<r» l*x 10-** 5 X 1(T«\ 
1 X 1(H). A linear regression of the average log(DNA copy 
number), for each class, against average log(mRNA level) 
demonstrated that on average, a 2-fold change in DNA copy 
number was accompanied by 1,4- and 1 .5-fold changes in mRNA . 
level for the breast cancer cell lines and t umors, respectively (Fig. 
4a, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Fig. 4b). 
The distribution of correlations forms a normal-shaped curve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evidenced in a plot 
of observed vs. expected correlations (Fig. 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 4b) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 
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Fig. A Genome-wide influence of DMA copy number alterations on mRNA levels, (a) For breast cancer ceil lines (gray) end tumor samples (black), both 
mearvcentered mRNA fluorescence ratio (togi scale) quartOes (box plots Indicate 25th, 50th, and 75th percentile) and averages (diamonds; V-vatue error bars 
Indicate standard errors of the mean) are plotted for each of five dasses of genes, representmg DNA deletion (tumor/normal ratio < OS), no change (OA-i j% 
low- medium- 0-4). and high-lev*! (>4) amplification. Rvalues for pair-wise Student* t tests, comparing averages between adjacent dasses (moving 

krfttorlght). are4x to-* 1 x l0-« 5 x 10-* 1 x 10"* (celt lines), and 1 X 10-" 1 x I©-™, 5 X 10-", 1 x 1 (T* (tumors), (o) Distribution of correlations between 
DNA copy number and mRNA levels, for 6.095 different human genes across 37 breasttumor samples, (c) Plot of observed versus expected correlation coefficients. 
The expected values were obtained by randomization of the sample labels In the DNA copy number data set. The line of unity is indicated, (d) Percent variance 
in gene expression (among tumon) directly explained by variation m gene copy number. Percent variance explained, (black line) and fraction of data retained 
(gray line) are plotted for different fluorescence intensity /background (a rough surrogate for signal/noise) cutoff values. Fraction of data retained Is relative 
to the 1.2 intensity/background cutoff. Details of the linear regression model used to estimate the fraction of variation In gene expression attributable to 
underlying DNA copy number alteration can be found In the supporting Information (see Estimating the Fraction of Variation fn Gene Expression Attributable 
to Underlying DNA Copy Number Alteration). 



tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, wc estimate that, overall, about ' 
7% of all of the observed variation in mRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. Ad). We can reduce the effects of experimental 
measurement error on this estimate byjisteggefy that fraction 
of the data most reliably measured (fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA levels directly attributed to variation in gene 
copy number increases to 12% (Fig. 4#). This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor ceils themselves, but also 
by the variable presence of non-tumor cell types within clinical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a series of human breast tumors demonstrates the 
usefulness of defining amphcon boundaries at high resolution 
(gene-by-gene), and quantitatively measuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



cell lines and tumors. Although the DNA microarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered gene 
expression,^ believe our findings are likely to be generalizablc 
(but would nevertheless still be remarkable if only applicable to 
this set of -6,100 genes), 

In budding yeast, aneuploidy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression In cancer cells. In 
agreement with our findings, Phillips et oL (14) have shown that 
with the acquisition of tumorigenicity in an Immortalized pros- 
tate epithelial cell hue, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzer et oL (15) recently reported that in metastatic 
colon tumors only —4% of genes within amplified regions were 
found more highly (> 2-fold) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et at (15) may have 
systematically under-measured gene expression changes. In this 
regard it Is remarkable that only 14 transcripts of many thousand 
residing within unampKfied chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-complexity ampHcons, effectively overcalling re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes may. represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, .pervasive and direct effect on global gene expression 
patterns in breast cancer has several Important implications. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject to specific auto regulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
igenesis. In our study, fully 62% of highly amplified genes 
demonstrated moderately or highly elevated expression; This 
highlights the importance of Wgh-resolutioifnSpping of amplt** 
con boundaries and shape [to identify the "driving** geae(s) 
within amplicons (16)], on a large number of samples,ln addition 
to functional studies. Fourth, this finding suggests that analyzing 



the genomic distribution of expressed genes, even within existing 
microarray gene expression data sets, may permit the inference 
of DNA copy number aberration, particularly aneuploidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting information). Fifth, this 
finding implies that a substantial portion of the phenotypic 
uniqueness (and by extension, the heterogeneity in clinical 
behavior) among patients' tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this rinding supports 
a possible role tor widespread DNA copy number alteration in 
turnorigencsis.(17, 18), beyond the amplification of specific 
oncogenes. and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 

stochiometric relationships in cell metabolism and physiology 
(cg*> prpteosome, mitotic spindle), possibly pronwUng further 
chromosomal ratability and directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global . 
imbalances in gene expression in cancer. 
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33 . Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Ap62L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. : Apoptosis signaling by*Apo2I/TRAIL. The Protein Society, 14 th Symposium. 

San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2I/TRAIL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2UTRADL Kenote address, TNF family 
Minisymposium, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001 . 

41 . Preclinical studies of Apo2L/TRAJL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2I/TRAlL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001. 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001. 

45. Targeting death receptors in cancer with Apo2L/TRATL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001. 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. ' 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001 . 

49. Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. San Francisco, CA, Oct 2001. 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51. Apo2L/rRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international 
^ conference. 5an Diego, CA* October 2002. * * »•' *• 

54. Apoptosis signaling by Ap62L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2I/TR\IL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 
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1 . Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents, US patent 5,329,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, S. and Kogan, T. CarbohydrateTdirected crosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997). • 

3. Ashkenazi, A, Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1 999"). 

4. Ashkenazi, A, APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 

5. Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chuntharapai, A, Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi, A. APO-2 Receptor. US patent 6,342,3^59 (Jan 29, 2002), 

9. Ashkenazi, A. Fong, S., Goddard, A, Gurney, A., Napier, M., Tumas, D., Wood, W. 
A-33 polypeptides, US patent 6,41 0,708 (Jun 25, 2002). 

10. Ashkenazi, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A, APO-2LI and APO-3 polypeptide antibodies, US patent 6,469,144 Bl 
(Oct 22, 2002). 

12. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 
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HER-2/neu Breast Cancer Predictive Testing 
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Each year, over 182,0Q0 women in the United* States arc 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large role. 2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju-? 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease^ and the difficulty lies in how to iden- 
tify this high-risk subset of patients. These patients could 
benefit from increased surveillance, early intervention, and 
treatment 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNA ploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER»2/neu oncogene have also been 
identified as having value regarding treatment regimen land 
prognosis. 

_ HEBr2/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. 3 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(IHC, HetcepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens* the first method allows visual 
assessment of the amount of HER-2/iieu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the rumor, 
enabling differentiation between low- versus high-amplifica- 
tidh. At least on$ study has demonstrated a difference in 



recurrence risk m women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of ] 6.7% for 
patients with no HER-2/neu genie amplification.* HER-2/neu 
status may be particularly important to establish in women with 
small 1cm) tumor size. 

The choice of methodology for determination of HER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical dais 
involving 1 549 node-positive patients. Patients received one 
of three Afferent treatments consisting of different doses of 
• cyclophosphamide, Adriamycin, and 5-fluorouracil (CAJ 7 ). 
The study showed that patients with amplified HEZt-2/neu 
benefited from treatment with higher doses of ^driamycin- 
based therapy, while those withrionnal HER-2/neu levels did 
not The study therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion ii> node-negative patients can be used as an independent 
prognostic indicator for eajly recurrence, recurrent disease at 
any time and disease-related death. 5 Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast cancer patients. 

Selection of patients for Herceptin 0 (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon dement- 
don of HER-2/neu protein overexpressibn using HercepTest™ 
Studies using Herceptin 0 in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a snail 
increase in overall survival rate. The FISH assays hayc not yet 
been approved for this purpose, and studies looking at response 
to Herceptin 0 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpressibn without gene amplification or lack 
of protein oyerexpressicn with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will uti* 
lize immunohistochemistry (HercepTestC) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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HER-2/neu via IHC 

88342 (including interpretive report) 



HEB-2/neq via FISH 3 

88271*2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 4 
88291 Cytogenetics and molecular cytogenetics, interpre- 
tation amj report 5 

Procedural Information 

Irnraunohistocheraistry is performed using the FDA-approved 
DAKO antibody kit, Herceptest* The DAKO kit contains 
reagents required to complete a two-step imrrmnohisto- 
chemical staining procedure for.routinely processed, paraffin* 
embedded spechpens. Following incubation with the primary , 
rabbit antibody to human HER-2/nen protein, die kit employs 
a ready-to-use dextran-based visualization reagent This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion of the subse- . 
qaentty added chromogen results in formation of visible 
reaction product at the antigen site* The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets; 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HBR-2/neu DNA probe kit, pro- 
duced by Vysts, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section, the Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 17, spectrum orange) present at 
the chroraqsome4?*eentBQmere and the second for the HER* 
2/neu oncogene located at 17qJ 1.2-12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed tod reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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